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PREFACE.

Previous to the publication of the present work, the want of a book of

reference on Civil and Mechanical Engineering had long been experienced by the

Engineer. A great deal of information of a useful kind had been recorded in

the various Scientific Journals and Transactions of Engineering Societies, but

it was given in a form not available for ready reference. The work so much

needed is supplied, we trust, in this Dictionary of Engineering, written

mainly by practical Engineers well acquainted with special branches of their

profession, and whose names will be found in the List of Contributors.

Use has also been made of a large number of works devoted to Civil,

Mechanical, Military, and Naval Engineering, and of the published writings

of eminent Engineers.

Many subjects which ought perhaps to have a place in a complete work have

been omitted, in the desire to confine the number of pages to something near the

limit announced at the commencement ; but we may be allowed to add that

no other work on Engineering has been published which contains such a

variety and amount of information on the same class of subjects in a collective

form.

From the commencement of the work until August, 1872, the editorial

department was conducted by Mr. Oliver Byrne, assisted by Mr. Ernest Spon
;

at that period Mr. Byrne ceased to be Editor, and the work has been

completed under the direction of Mr. E. Spon.

Our thanks are specially due to G\ Gr. André, Esq., CE., for the careful

attention bestowed on the subjects entrusted to him; and we also return our

sincere thanks to the kind friends who have assisted in the compilation and

revision of the various articles.

E. & F. N. SPON.
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pipes would create a partial vacuum in that part of its motor cylinder ; but then the atmosphere
pressing on the surface of the water in the cistern would at once opea the valve and admit as much
water from the cistern as required to restore the necessary equilibrium. Other appliances for

signalling a defect and instantly remedying it have been provided ; but we shall not describe them
here.

By this system, the force developed by the motor may be transmitted to the pump without any
other loas than that due to the friction of the water, which for a depth of a thousand feet will

usually be less than 2 per cent, of the total force required to raise the water. It is applicable to
water as well as to steam power, and the pumps being double-acting, no portion of the power of the
water-wheel is lost. The pressure-pipes are fixed parallel to each other against the sides of the
shaft, or upon the floor of a level, so that the space occupied by them is practically nothing. When
used in the place of flat rods, that is, when carried horizontally from the engine-house or water-
wheel to the shaft, they may be laid underground so as not to obstruct surface operations. One
great advantage possessed by this system is the facility it affords for changing the direction.

Provided sharp angles are avoided, the pressure-pipes may be carried along in all manner of direc-

tions, as occasion and locality may require, without any appreciable loss of power.
Pumps for Surface-draining.—The requirements of surface-draining, and the conditions under

which a pump applied to that purpose has to work, are altogether different from those which we
have been considering. In mines a comparatively small quantity of water has to be lifted to a great

height, and the motor is, in most cases, necessarily situate a long distance from the pump. For
surface work, such, for example, as draining a marsh, a large quantity of water is required to be
lifted to a small height, and the motor may be placed close to the machinery to be driven.

Generally the motor will be steam ; for it is rarely possible to obtain water-power in a convenient
situation. In Holland wind is frequently employed for this purpose, but the variable character of

this motor renders it unsuitable for pumping operations. It may, however, often be used as an
auxiliary with great advantage. The kind of pump best suited for surface drainage is, in general,

the centrifugal pump. The nature of this pump renders it peculiarly well adapted for this kind
of work. It is exceedingly simple in construction, is easily erected, and requires no massive foun-

dations. The absence of valves is a great advantage, as small pieces of wood, weeds, and other

small floating substances, may be passed without choking the pump. An experiment was made
some time ago with one of Appold's 12-in. pumps by throwing in all at once about half a gallon of

nut-galls when working at full speed. They all passed through without one being broken. Also
when the height of lift is small, a very large quantity of water may be raised a minute by a centri-

fugal pump, a condition usually imposed by the nature of the work, and which this pump is there-

fore capable of fulfilling. We have described and illustrated some of the best models under
Hydraulic Machines, and hence it will be unnecessary to do more than refer to them here. In
many cases, Murray's chain-pump may be applied to the purpose of surface drainage with advan-
tage, especially when the area to be drained is small. It will be for the engineer to determine
which of these kinds is the more suitable to the requirements of the case under his consideration.

Pumps for Water-supply.—The requirements of this case are—a large quantity of water to be
raised to a considerable height, and a steady, continuous supply, requirements wThich neither the
centrifugal nor the chain pump is capable of satisfactorily fulfilling. Reciprocating pumps are

exclusively used for this purpose. Whether, however, the lifting or the forcing variety is the more
suitable seems still to be an open question, judging from the want of uniformity in the practice of

engineers. We have shown that whenever a considerable height of lift and a continuous working are

conditions to be fulfilled, the force-pump possesses great advantages over the lift ; and it is satis-

factory to see that the former variety is gradually coming into favour. No particular construction

can be recommended for this case, as a great deal must depend on local circumstances. For a
small supply an arrangement of Hayward Tyler and Co.'s Universal pump has been found to

work very satisfactorily. It has been used at the Slough Water-works, and also, as an auxiliary,

at the Tottenham Water-works.
Pumps for Raising particular Liquids.—We have spoken of the corrosive properties of mine water,

and the necessity of lining the working barrel and other working parts with brass, to enable them
to withstand the corrosive action. This precaution is, however, insufficient in many cases where
liquids of a particular nature have to be raised. Thus in chemical works pumps are required to

raise strong acids and various other substances which would speedily destroy the working parts if

constructed of ordinary materials. In paper-mills they are needed to raise the paper-pulp and
bleachers ; in breweries, for raising the hot wort ; in gasworks, for pumping ammoniacal liquor and
tar ; in tan-yards, for pumping tan liquor ; and also in town drainage works, for raising the sewage.

The only kind of pumps suitable for these operations are the reciprocating kind, and of these the

forcing variety is the best adapted for sewage, and, generally, the lifting variety for the other

purposes mentioned. The fittings of pumps to be applied to any of these purposes should be
of gun-metal. Cast-iron clacks are frequently used for pumping ammonia water ; but geuerally

gun-metal should be adopted. In chemical works it is often necessary to employ india-rubber

instead of metal for the valves. In Fig. 6420 we illustrate a pump specially designed for these

purposes, having india-rubber valves and a glass cylinder. The design and construction of this

pump, which is known as Perreaux's, are excellent. The working barrel A is made from the best

plate glass bored out by machinery and polished. The bucket-valve B and the foot-valve C, shown
in section in Figs. 6421, 6422, are of india-rubber, and the elasticity of the material is relied

upon to close them. We are not aware of any experiments made to ascertain the amount of slip

through these valves, but the principles we laid down in the former part of this article would lead

us to expect very little. The mode of fixing these valves is so clearly shown in the figures that

description is unnecessary ; we cannot, however, refrain from expressing our admiration of the very

excellent nature of this mode, which is alike creditable to the designer and the constructor. The
glass barrels are mounted in cast-iron suction-pipe and rising-main, with wrought-iron stretcher-

8 i
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rods and nuts, as shown in Fig. 6420. The valves may be mounted in brass, lead, or gun-metal, as

required.

6420.

6421.
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In raising hot liquids, such as the wort in breweries, suction cannot be employed by reason

of the impossibility of creating a vacuum in consequence of the evolution of steam from the heated
liquid. In such cases, therefore, the pump must be placed on a sufficiently low level to allow the
liquid to enter by the force of its own gravity. When it is required to raise liquids of such a
consistency as to be incapable of a rapid flow, as tar, for example, the motion of the pump should
be slow, and the height of the suction should be reduced as much as possible. In such cases, the
pipes and working barrel should never be of small diameter, and the valves should have a higher
lift than is requisite for water. Also all contractions of the passages and changes of direction

should be avoided, as they greatly impede the flow of thick liquids. These remarks apply, though
in a less degree, to town sewage.

Pumps for Emptying Docks.—The requirements of this case are similar to those of surface
drainage, and therefore the same pumps may be applied to this purpose. It should be remarked,
however, that the nature of the chain-pump renders it peculiarly suitable to the work of emptying
a dock.

Contractors' Pumps.—The chief purposes to which a contractor's pump is applied, are the
removal of water from cuttings and other excavations, and the emptying of coffer-dams. The
nature of the work, and the conditions under which it has to be executed, are such that a pump
which is to be applied to these purposes must be simple in construction, capable of bearing rough
usage, easily repaired when out of order, of such a nature that it may be readily erected in any
locality, and as readily removed when circumstances require it, capable of raising a considerable
quantity of water to a small height, and netd but little attention. The whole of these require-
ments are fulfilled by the chain-pump, and accordingly we find this pump generally adopted. Of
reciprocating pumps, Hayward Tyler and Co.'s Universal pump fulfils the above requirements,
with the exception, perhaps, of that one which requires it to be capable of easy repair. This pump
has been used on several engineering works recently, and appears to have given entire satisfaction.
One advantage possessed by this pump is, that it may take its steam from a portable engine that is

employed for other purposes, such, for instance, as sawing.
Bilge-pumps.—Bilge-pumps are the pumps used on board ships to remove the bilge-water, that is,

the water which lies upon the bilge or bottom of the vessel. In their simplest form they consist of
a pump having a staff or rod 7 or 8 ft. long, with a bar of wood to which the leather is nailed, and
which serves instead of a box. This staff is worked by men who pull it up and down with a rope
fastened to the middle of it. Bilge-pumps as now used in all but the smallest vessels, have all the
improvements that of late years have been effected in this kind of machinery. Usually they are
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force-pumps, and in steam-ships they are worked by the engine. In such cases they are capable of

raising a large quantity of water at a stroke. As they differ in no essential particular from the

pumps we have already described, it will not be necessary to describe them here. Among the best

designed and constructed of this class of pumps are those manufactured by "Watt and Co. Cen-
trifugal pumps have been successfully applied to this purpose.

Pumps for Supplying Hydraulic Machinery.—The purpose of this class of pumps is to force water
into a receiver against the pressure exerted by a heavy weight, or by the elasticity of the opposing
substance. The former case is that of Armstrong's accumulator, into which the water is forced

by the engine against the pressure—often equal to 1500 ft. of water—exerted by the loaded ram,
the latter that of Brahma's press, into which the water is forced against the pressure due to the
elasticity of the substance compressed. The only kind of pump applicable to this case is the

reciprocating, and of these only the forcing variety. There is nothing particular to note in pumps
applied to these purposes, beyond the necessity of adapting their details to the work they have to

perform. The chief requirement is that their several parts shall possess sufficient strength to with-

stand the pressure to which they will be subjected.

Feed-pumps.—These belong to the same class of pumps as the preceding. They are required to

force water into a boiler against the pressure of the steam, and hence are subject to the same con-

ditions as those for supplying hydraulic machinery. A certain degree of modification in the case of

feed-pumps is due to the fact that they usually work against a lower pressure than the latter ; but
essentially the conditions are identical. The same kind and variety of pumps will therefore be
requisite in this case. Feed-pumps have been fully treated of under Details of Engines, and we
must refer the reader to that article for complete information on this subject.

Air-pumps.—Air-pumps are employed either to exhaust the air contained in a given space, or to

compress the air contained in that space. The latter are of the nature of the forcing pumps
employed for liquids ; the former resemble the lifting pump. We have described and illustrated

both kinds under Air-pump, Diving, and Details of Engines ; in the latter of these articles the

air-pump, as applied to steam-engines, being fully discussed. Kecently, however, the compressing
air pump has been applied to the setting of large iron columns in deep water, by expelling the

water and mud from the bottom by means of compressed air instead of pumping it out of the top.

The engineer of the new graving dock at Hog Island, Bombay Harbour, conceived the idea of

setting the large columns, 6 ft. in diameter and 70 ft. in length, required for this work, in this way.
To do this, however, an air-pump of great power and large volume was requisite. Such a pump
was designed and supplied by Barnett and Foster, of London, and its use was attended with
remarkable success. Fig. 6423 is a side elevation, and Fig. 6424 a section through one of the

B 6424
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cylinders of this large treble pump. These cylinders are 9 in. in diameter and 18 in. in length,

the throw of the crank being 9 in., and the diameter of the latter 5 in. The leathering of the

piston is on the principle adopted in hydraulic pumps, that is, it is so arranged that the pressine

from within helps to tighten it. This arrangement is shown at C, Fig. 6424. The diameter of the

inlet-valve B is 1£ in., and that of the outlet-valve A 2 in. There is a copper cooling cistern around

the outside of the pumps. This cistern is a cylinder of larger diameter than the pump-cylinder,

the annular space between the two being filled with water to prevent the latter from becoming

heated, and so to preserve the air within the pump from being rarefied. The three pump-

cylinders are connected at the top, as shown in Fig. 6423. and hence the stream of air is continuous.

On the top of each cylinder there is a lubricating cup.

The mode of applying this pump to the setting of the columns was as follows ;—The several

pieces were bolted together above water in a massive framework, and lowered to receive a fresh one

till the first touched the bottom. The hood was then fitted into the top, and the interior of the

8 T 2
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column put into communication with the air-pump. The water contained in the column was thus

forced down and out at the bottom, the time required to clear out the whole of the contents being

less than half an hour. Such was the force of the pressure developed, that the whole column would

frequently lift fully 18 in., letting the mud out at the bottom. When cleared, the columns were

entered, and filled up to a height of 5 or 6 ft. with hard cement, thus converting them into a solid

mass at bottom. When it is added that the power requisite to work the air-pump was only 6-horse,

the superiority of this mode of emptying columns over that usually adopted of pumping the water

out of the top will be readily acknowledged.

PUPPET. Fe., Poupée; Ger., Docke; Ital., Toppo; Span., Soporte de mandril.

The upright support of a mandrel in a lathe is termed the puppet or poppet. See Hand-Tools.
Machine Tools.

PYROMETER. Fr., Pyromètre; Ger., Pyrometer; Ital., Pirometro; Span., Piròmetro.

A pyrometer is any instrument used for measuring degrees of heat above those indicated by the

mercurial thermometer, and constructed usually on the principle of registering or measuring, by
means of multiplying levers and a scale, the change in length of some expansible substance, as a

metallic rod, when exposed to the heat, to be measured.

QUARRYING. Fr., Exploitation des carrières, Détacher le roc, les pierres; Ger., Gestein

abtreiben; Ital., Cavare; Span., Cantería.

An excavation made for the purpose of obtaining stone is called a quarry. When the object

sought is a metal or coal, the excavation is called a mine. A quarry is usually worked open to

surface, and is never carried to a great depth ; a mine, on the contrary, is rarely worked to surface,

and the depth to which it is sunk is in all cases considerable. Quarrying differs little from mining
in principle beyond what follows, through the latter being essentially an underground operation.

Quarries are of two kinds, determined by the use to which the excavated material is to be
applied ; and the mode of carrying out the work of excavation differs in detail in each of these

kinds. When the stone is required for building purposes, it is requisite to extract it in that form
from which the designs of the builder can be most readily obtained, and at the same time to avoid

waste by breaking the stone in an undesirable manner. This necessitates a certain mode of

operating, and some care and skill in conducting the operations. But when the shape and size of

the pieces of stone extracted are immaterial, as, for instance, in the cases of chalk for lime, stone

tor road construction and maintenance, or in cuttings through rock for a line of railway, the expe-

ditious removal of the stone is the main object to be kept in view.

In quarrying for any of the above purposes, as, indeed, in all operations, a great object is to

produce the greatest results with the available means. And to effect this object, it is necessary to

study closely the formation of the rocks in which the excavation is to be made, so as to be able to

take advantage of the natural divisions, and by that means to greatly lessen the labour of the

quarryman. It must be borne in mind that all rocks belong to one or other of two great classes,

namely, the stratified and the unstratified. The former are sedimentary rocks, occurring in parallel

beds or strata, and include a large class of most valuable building materials, such as the magnesian
lime, sand, and free stone, millstone grit, Yorkshire landings, and other well-known stone. Unstra-

tified or igneous rocks, which include greenstone or whinstone, granite, and porphyry, have no
distinct bedding, that is, they do not lie in separate layers. Roofing slate is a stratified rock, but

it splits into thinner laminae in the direction of its cleavage than in that of its bedding, the former
being often at right angles to the latter. Some igneous rocks, as granite, have also a natural

cleavage, though not stratified. Advantage must be taken of all these peculiarities in order to

carry out quarrying operations in an efficient and economical manner.

When the excavation is in stratified rock and the stone is required for building purposes, hand
labour is generally preferred to blasting, especially when large blocks for columns, obelisks, tomb-
stones, and similar objects are required. Such blocks are obtained from the more valuable parts of

sandstone deposits, technically known as liver-rock; these are the thicker and more consolidated

strata. Pieces of limited thickness, as flagstones, are obtained from the thinner beds termed bed-rocks.

In quarrying by these means from stratified rocks, a sufficient surface of the rock is first laid bare
parallel to the bed of deposit. This portion has then to be disconnected from the general mass by
cutting through the stratum or layer, so that it may be removed by sliding upon its bed. To effect

the operation, the quarryman, having previously marked out on the exposed surface the size and
shape of the stone required, makes a number of small holes with a pick along the line drawn. The
distance of these holes apart will depend upon the facility with which the rock can be cleaved.

Wrought-iron steel-tipped wedges are then inserted in the holes and struck in succession with
heavy hammers until the openings made by them extend from one to the other and also down
through the stratum. The block is then free to slide upon its bed, and is removed from its original

position by means of iron bars and levers. When the stratum is too thick to be divided in this

way, and the stone is of a nature to yield readily to the cutting tool, which is usually a pointed
hammer called a pick-hammer, the holes above referred to are sunk deeper, in the form of the letter

y, and the wedges inserted in the bottom. Another mode, when the rocks are easily cleaved, is to
insert another row of wedges parallel to the natural cleavage. By striking these simultaneously
with the others a block is procured of less thickness than the stratum.

When the blocks have been removed from their natural position, they have still to be quarried
into shape according to the purpose for which each piece is best suited. Thus, in a building-stone
quarry, after the stones of unusual size and quality have been selected for the purposes mentioned
above, the larger pieces are roughly formed into ashlar, window-sills, lintels, rybats, corners, steps,
and the like, by means of picks, hammers of various kinds, and wedges. The small irregular-shaped
pieces are called rubble, and are used for the commonest kind of building. Slates are split up into
the requisite thickness by means of a broad chisel and mallet.

The methods we have described apply chiefly to quarries opened for the sole purpose of procuring
building stone. But it behoves the engineer who has to execute an excavation in stratified rocks to
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consider whether the material removed may not be advantageously employed in the construction of

his works, and if such be the case, whether he may not profitably adopt these methods in preference

to others which, though more expeditious, spoil a large proportion of the stone.

When the rock is uustratified, or when the stratum is too thick to be disrupted by the wedge
without great labour, recourse is had to the action of explosive agents. The explosives most
frequently used for this purpose are gun-cotton, dynamite, and gunpowder. Dynamite is now
often employed, and always with considerable success. The dangerous character of gun-cotton has
hitherto prevented its adoption for ordinary operations, while the comparatively safe character and
convenient form of gunpowder have commended it to the confidence of workmen, and hence, for

quarrying operations, this . explosive is -generally employed. We shall therefore, in treating of

blasting for stone, consider these operations as carried out by the aid of gunpowder alone.

The system of blasting employed in quarrying is that known as the small-shot system, which
consists in boring holes from 1 to 3 in. diameter in the rock to be disrupted to receive the charge.

The position of these holes is a matter of the highest importance, from the point of view of pro-

ducing the greatest effects with the available means, and to determine them properly requires a
complete knowledge of the nature of the forces developed by an explosive agent. This knowledge
is rarely possessed by quarrymen. Indeed, such is the ignorance of this subject displayed by
quarrymen generally, that when the proportioning and placing the charges are left to their

judgment, a large expenditure of labour and material will produce very inadequate results. In
all cases it is far more economical to entrust these duties to one who thoroughly understands the
subject. The following principles should govern all operations of this nature ;

—

The explosion of gunpowder, by the expansion of the gases suddenly evolved, develops an
enormous force, and this force, due to the pressure of a fluid, is exerted equally in all directions.

Consequently, the surrounding mass subjected to this force will yield, if it yield at all, in its

weakest part, that is, in the part which offers least resistance. The line along which the mass
yields, or line of rupture, is called the line of least resistance, and is the distance traversed by the
gases before reaching the surface. When the surrounding mass is uniformly resisting, the line of

least resistance will be a straight line, and will be the shortest distance from the centre of the charge
to the surface. Such, however, is rarely the case, and the line of rupture will therefore in most
instances be an irregular line, and often much longer than that from thè centre direct to the
surface. Hence in all blasting operations there will be two things to determine, the line of least

resistance and the quantity of powder requisite to overcome the resistance along that line. For it

is obvious that all excess of powder is waste ; and, moreover, as the force developed by this excess
must be expended upon something, it will probably be employed in doing mischief by shattering

stones which it would be desirable to preserve whole. Charges of powder of uniform strength
produce effects varying with their weight, that is, a double charge will move a double mass. And
as homogeneous masses vary as the cube of any similar line within them, the general rule is esta-

blished that charges of powder to produce similar results are to each other as the cubes of the lines

of least resistance. Hence when the charge requisite to produce a given effect in a particular

substance has been determined by experiment, that necessary to produce a like effect in a given
mass of the same substance may be readily determined. As the substances to be acted upon are

various and differ in tenacity in different localities, and as, moreover, the quality of powder varies

greatly, it will be necessary, in undertaking quarrying operations, to make experiments in order to

determine the constant which should be employed in calculating the charges of powder. In
practice, the line of least resistance is taken as the shortest distance from the centre of the charge
to the surface of the rock, unless the existence of natural divisions shows it to lie in some other

direction ; and, generally, the charge requisite to overcome the resistance will vary from -^ to -^ of

the cube of the line, the latter being taken in feet and the former in pounds. Thus, suppose the
material to be blasted is chalk and the line of least resistance 4 ft. The cube of 4 is 64, and taking
the proportion for chalk as ^q, we have f^ = 2^- lbs. as the charge necessary to produce
disruption.

In commencing quarrying operations, the first thing is to find an exposed surface behind which
the charge may be placed so as to force it outwards. A vertical surface presents fewer difficulties

than any other, both because the resistance in such a case is usually less, and because the proper
placing of the charge may be more readily effected. When the blasting is in stratified rock, the

position of the charge will frequently be determined by the natural divisions and fissures ; for if

these are not duly taken into consideration, the quarryman will have the mortification of finding,

after his shot has been fired, that the elastic gases have found an easier vent through one of these

flaws, and that consequently no useful effect has been produced. The Hue of least resistance, in

this case, will generally be perpendicular to the beds of the strata, so that the hole for the charge
may be driven parallel to the strata and in such a position as not to touch the planes which separate

them. This hole should never be driven in the direction of the line of least resistance, and when
practicable should be at right angles to it.

The instruments employed in boring the holes for the shot are iron rods having a -wedge-shaped
piece of steel welded to their lower ends and brought to an edge so as to cut into the rock. These
are worked either by striking them on the head with a hammer, or by jumping them up and down
and allowing them to penetrate by their own weight. When used in the former manner they are

called borers or drills ; in the latter case they are termed jumpers. Recently power jumpers worked
by compressed air, and drills actuated in the same manner, have been very successfully employed.
Holes may be made by these instruments in almost any direction ; but when hand labour only is

available, the vertical can be most advantageously worked.
The speed with which holes may be sunk varies of course with the hardness of the rock and

the diameter of the hole. At Holyhead the average work done by three men in hard quartz reck
with l£-in. drills was 14 in. an hour ; one man holding the drill, and two striking. In granite of

good quality, it has been ascertained by experience that three men are able to sink with a 3-in.
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6426.

6425. mm.

jumper 4 ft. in a day ; with a 2¿-in. jumper, 5 ft. ; with a 2|-in., 6 ft. ; with a 2-in., 8 ft. ; and with

a If-in., 12 ft. A strong man with a 1-in. jumper will bore 8 ft. in a day. The weight of the

hammers used with drills is a matter deserving attention ; for if too heavy they fatigue the men,
and consequently fewer blows are given and the effect produced lessened ; while, on the other haud,

if too light, the strength of the workman is not fully employed. The usual weight is from 5

to 7 lbs.

As the labour of boring a shot-hole in a given kind of rock is dependent on the diameter, it is

obviously desirable to make the hole as small as possible, due regard being had to the size of the
charge ; for it must be borne in mind in determining the diameter of the boring that the charge
should not occupy a great length in it. Various expedients have been resorted to for the purpose
of enlarging the hole at the bottom so as to form a chamber for the powder. If this could be easily

effected, such a mode of placing the charge would be highly advantageous, as a very small bore-

hole would be sufficient, and the difficulties of tamping much lessened. One of these expedients is

to place a small charge at the bottom of the bore and to fire it after being properly tamped. The
charge being insufficient to cause fracture, the parts in immediate contact with it are compressed
and crushed to dust, and the cavity is thereby enlarged. The proper charge may then be inserted

in the chamber thus formed by boring through the lamping. Another method, applicable chiefly

to calcareous rock, has been tried with satisfactory results at Marseilles. When the bore-hole has
been sunk to the required depth, a copper pipe, Fig. 6425, of a diameter to fit the bore loosely, is

introduced, the end A reaching to the bottom of the hole, which is closed up tight at B with clay
so that no air may escape. The pipe is provided with a bent neck C. A small leaden pipe about

| in. in diameter, with a funnel / at the top, is introduced into the copper pipe at D and passed
down to within about an inch of the bottom. The annular space between the leaden and copper
pipes at g is filled with a packing of hemp.
Dilute nitric acid is then poured through
the funnel and leaden pipe. The acid dis-

solves the calcareous rock at the bottom,

causing an effervescence, and a substance

containing the dissolved lime is forced out

of the orifice C. This process is continued
until from the quantity of acid consumed
it is judged that the chamber is sufficiently

enlarged. Other acids, such as muriatic or

sulphuric, will produce the same eflects, but
the result of the chemical solution will of

course depend upon the nature of the stone.

After the shot-hole has been bored, it is

cleaned out and dried with a wisp of hay,

and the powder poured down ; or, when the
hole is not vertical, pushed in with a wooden
rammer. The quantity of powder should _
always be determined by weight. One pound,
when loosely poured out, will occupy about
30 cub. in., and 1 cub. ft. weighs 57 lbs. A
hole 1 in. in diameter will therefore contain
'414 oz. for every inch of depth. Hence to
find the weight of powder to an inch of depth
in any given hole, we have only to multiply
•414 oz. by the square of the diameter of
the hole in inches, and we are enabled to

determine either the length of hole for a
given charge, or the charge in a given space.

It is important to use strong powder in blast-

ing operations, because, as a smaller quantity
will be sufficient, it will occupy less space,
and thereby save labour in boring.

When the line of least resistance has been
decided upon, care must be taken that it

remains the line of least resistance; for if
the space in the bore-hole is not properly filled, the elastic gases may find an easier vent in that
direction than in any other. The materials employed to fill this space are, when so applied, called
tamping, and they consist of the chips and dust of the quarry, sand, well-dried clay, or broken brick
or stones. Various opinions are held concerning the relative value of these materials as tamping.
Sand offers very great resistance from the friction of the particles amongst themselves and against
the sides of the bore-hole ; it may be easily applied by pouring it in, and is always readily obtain-
able. Clay, if thoroughly baked, offers a somewhat greater resistance than sand, and, where readily
procurable, may be advantageously employed. Broken stone is much inferior to either of these
substances in resisting power. The favour in which it is held by quarrymen, and the frequent use
they make of it as tamping, must be attributed to the fact of its being always ready to hand, rather
than to any excellent results obtained from its use.

To lessen the danger of the tamping being blown out, plugs or cones of metal of different akapes
are sometimes inserted in the hole. The best forms of plug are shown in Figs. 6426, 6427 ; Fig.
6426 is a metal cone wedged in on the tamping with arrows, and Fig. 6427 is a barrel-shaped plug.
These mechanical contrivances are employed only in particular circumstances, such as blasting in a
shaft

; but their efficacy may well be doubted.
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In determining the most economic method of obtaining a given quantity of stone from a quarry
of any particular description of rock, it is necessary to ascertain, first, the speed with which the
bore-holes may be sunk; second, the effects of certain agents, such as small charges or acids, in

enlarging the chamber at the bottom ; third, the constant from which the charge is to be calculated
;

and, fourth, the height of face that can be obtained in the quarry. The latter is a very important
question economically, for it is obvious, since the charge is placed behind the face, that the higher
that face is, the larger will be the mass of rock dislodged. When the face is low, the charge has
the same mass to act upon as when the face is high ; but in the latter case, a much larger mass
is dislodged by its own weight. After these data have been determined, the size of the block
required must be considered, and a large charge, or a succession of small charges, applied accord-

ingly. In some quarries large charges are always preferred on account of the less frequent necessity

of clearing the quarry of the workmen. To fire the charge a Bickford's fuze is generally employed ;

this fuze is inexpensive, very certain in its effects, not easily injured by tamping, and is unaffected
by damp.

In excavating rock for a railway cutting, a gullet or small cutting is first carried throughout the
work, and it is of the highest importance that this gullet should be carried down to the full depth
of the cutting. The gullet is then widened by blasting down the faces. The economy of these

operations depends in a very high degree upon the skill with which the charges are applied.

There is a case on record in which a railway cutting through hard rock was carried down by blast-

ing to a depth of 2 or 3 ft. less than was required of the contractor. To remove these 2 or 3 ft. by
band labour, cost about a guinea a cubic yard, whereas the rest of the cutting averaged only 3s. 6d.

Had the gullet been taken out to the required depth in the first instance, and the charges placed

lower, the same quantity of powder would have been sufficient to complete the work.
In quarrying, as in mining, much of the cost is incurred for the removal of water from the

workings. A set of pumps and a steam-engine, or a water-wheel where water-power is available, are

indispensable for every quarry of any extent. The clearing away of sand, gravel, and other loose

débris from the upper bed of the rock also entails considerable expense. This débris, which
geologists call drift, and quarrymen tirring, often becomes suddenly very deep, especially when the
beds dip at a high angle, and it constitutes an obstacle by which many quarries of stratified rock
are soon arrested.

See Boring and Blasting. Tunnelling.
BACK. Fb.. Crémaillère ; Ger., Zahnstange; Ital., Dentiera; Span., Cremallera.

A rack is a straight bar with teeth on its edge arranged so as to gear with those of a wheel or

pinion which is to drive or follow it. See Mechanical Movements.
BAIL. Fr., Bail; Ger., Schiene ; Ital., Rotaia ; Sfar., Barra-carril.

See Materials of Construction, Strength of. Permanent Way. Railway Engineering.
BAILWAY ENGINEERING. Fr., Construction des chemins de fer ; Ger., Eisen-bahn Bauten ;

Ital., Costruzione delle strade ferrate ; Span., Dirección facultativa de ferro-carriles.

The subject of railway engineering includes all the duties which devolve upon an engineer in the

laying out and constructing a line of railway, from the preliminary surveys and levels necessary to

the selection of the most eligible route, to the final laying of the permanent way. Some of the more
important works of construction inseparable from a line of locomotive traffic, are described under
their respective heads, as well as many minor details also connected with the present subject. In
England and in Continental countries, certain formalities in relation to the Legislature and the

preliminary surveys, must be complied with, previous to obtaining permission from the Government
to construct the proposed railway. This is known in England as Parliamentary work, and is

nothing more than the observation of certain regulations with regard to the preliminary surveys,

laid down by the Government. In every instance it is indispensable to conduct these surveys, and
therefore we shall describe the best method of carrying them out in a general point of view, leaving

the legal part of the subject out of consideration. All information on this point, so far as Great
Britain is concerned, can be obtained from the Standing Orders of the Lords and Commons.

Preliminary Survey or Reconnaissance

.

—The first step necessary towards the construction of any
description of route of communication between two places, whether railway, road, or canal, consists

in a preliminary survey or reconnaissance, to use an expressive term frequently emploved by military

engineers. This reconnaissance requires that the proposed route be either ridden or walked over,

and a careful examination made of the principal physical contours and natural features of the

district. The amount of care demanded and the difficulties attending the operation will altogether

depend upon the character of the country and the condition of civilization to which it has attained.

The absence of any map, no matter how incomplete and erroneous it might be, is a serious incon«

venience. Engineers who have made only preliminary Parliamentary surveys at home, with the

Ordnance maps in their hands, know little of the trouble, delay, and disadvantages attending the

absence of all such guides. In the former case they have the bearings marked down for them with

all the accuracy requisite for their purpose, in the latter they must obtain them by observations

along the journey. It is for this reason that the spirit-levels used by engineers in England are

rarely or ever provided with compasses, as the existence of excellent maps renders them unnecessary,

whereas they are always attached to the instruments iutended for foreign service, when it may be

necessary to determine one's whereabouts at any moment.
The immediate object of the preliminary survey is to select one or more trial lines, from which

the final route may be ultimately determined. When there are no maps, or when those which can

be procured are not sufficiently in detail, points to the right and left of the imaginary line of road

must be ascertained by bearings and connected by triangulation with the theodolite. The details

may be filled in with the plane table and compass, so as to afford an accurate survey of the portion of

the country, more or less wide, through some part of which the proposed route must pass. Many
engineers prefer the prismatic compass or the box sextant for filling in details. Sometimes a

separate survey must be made of each trial line by a traverse, and villages and other important
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points laid down by taking cross-bearings with the compass. When the several trial lines are all

plotted to the same scale, a good map can be prepared from which the exact line of road can be

selected. In making a reconnaissance there are several points which, if carefully attended to, will

very considerably lessen the labour and time otherwise required. Lines which would run along the

immediate bank of a large stream, must of necessity intersect all the tributaries confluent on that

bank, thereby demanding a corresponding number of bridges. Those again which are situated

along the slopes of hills are more liable, in rainy weather, to suffer from washing away of the

earthwork and sliding of the embankments, than others which are placed in valleys or elevated

plateaux. When a line of railway crosses the ridges dividing the principal water-courses, the

ascents and descents are greater, and the cost of working the finished line will be proportionably

increased.

The position of summit levels, important features to be determined in selecting a line of railway,

road, or canal, may be ascertained by observing the direction and size of the existing water-courses.

The diagram in Fig. 6428 shows that the water falls from C to D, and also transversely from
AAA and B B in the direction of D. In Fig. 6429 the ridge is broken along the line A A, from
which the water flows in both directions towards C and D. In order to join the points A and D in

6428.
6429.

6430.

6432.

6433. 6434.

Fig. 6430 the line may run at once through B and C, or it may pass by way of the streams L M and
O P. By the latter route the line would rise along the whole distance from A through L and M to

the summit at N, and fall from N through O and P to D If the district between B and C consists

of an elevated plateau, the longitudinal sections of the two lines will be represented in Figs. 6431,

6432, by A B C D and AND. If the line passes from A to B in Fig. 6433 by the several routes

A, B, C, D, the corresponding sections will be as shown in Fig. 6434. The conclusion to be drawn
from these diagrams is that the difference of elevation to be overcome will be a minimum when the
line crosses at the bead of the streams.

Trial Lines by Compass.—When the line of railway has been approximately found by the recon-
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naissance, a trial Ime may be run by compass through those parts of the district which present the
most favourable features. It may be roughly staked out, and the leading topographical details
right and left of it sketched in. If the trial line should follow the bed of a stream it will have a
contour A M C, as shown in Fig. 6435. The lowest une of the valley, although moderately inclined
at first, rises more and more rapidly in the direction of the source of the stream as represented by
the closer approach of the contour lines on the plan in Fig. 6436. If it be required that the line
should rise uniformly from A to the summit level, the horizontal distances between the contour lines
must be all equal throughout the whole ascent. This equality may be ensured by causine the line
to cut the contours at right angles during the first part of the ascent, and obliquely as the summit
level is approached. By these means the contour lines become nearer to one another, and we obtain
the section A M M A on the plan in Fig. 6436. The contour line is level. The line cutting the
contour Ime at right angles is the steepest Une the ground allows of, and the inclination ca°n be
varied at pleasure between those limits. A very good idea of the result, so far as the section is con-
cerned, of cutting the contour lines in different distances is shown in Figs. 6437, 6438 If the pointsA and B be connected upon the plan in Fig. 6437 by the straight line A B, we obtain the section

6435.

6438.

shown by A L N M B in Fig. 6438. If the route follow exactly the direction of the contour line

from A to B, all the points are on the same level; and the section will be represented by the

horizontal line A B in Fig. 6438. If the route run midway between the straight line A B and the
contour line A E F H B, the corresponding section will be given in Fig. 6438 by A E F H B. If

the points C and D, which are at different elevations, be connected by tht- straight line C D in

Fig. 6437, the section will be represented by C I P K D in Fig. 6438. To descend at a uniform
rate of inclination from C to D, the rate must be known, and the vertical distance between the

contour lines. The corresponding horizontal distances between the contour lines are then knowu,
which, applied as by the dots in Fig. 6436, give the required descent. The corresponding s< ction is

shown in Fig. 6438 by the straight line C D. The line A E F H B on the plan is longer than the
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straight line A B, and the contour line is longer still. This increased length is not represented in

the section in Fig. 6438, as the object is merely to show the general relation between the plan and
section, and the use of correctly-drawn contour lines in adjusting any route to the ground.

Trial Lines by the Aid of a Map.—When the map of a district is procurable, the task of laying down
one or two trial lines from which to select the final route, becomes more or less difficult in proportion

to the scale of detail to which the map is drawn. Supposing that a really good map is obtainable,

something approaching English Ordnance maps, the operation is as follows ;—Map in hand, the

engineer walks over the ground, marking on the plan certain points through which the trial lines

are to pass. The points are connected together by straight lines and curves of given radii, and
the line or lines are then ready to be levelled over, in order to ascertain which of them presents the

best section or profile, as it is sometimes called. In instances in which the proposed route will pro-

bably run for a portion of its length along one or other of the banks of a stream, trial lines must be
made on both banks, not only in order to determine the best longitudinal section, but also to dis-

cover the number of tributaries or feeders which belong to each side, since every one of these neces-

sitates a bridge, or at least a diversion of the stream.

Trial or Flying Levels.—When once the trial lines have been marked on the map, the levelling

is done by an ordinary instrument in the same manner as for the final route, which will be described

in its proper place. But in countries of which there is no map, and in which the natural

features are extremely rugged, the levels along a proposed route cannot be taken by the spirit-

level. A less precise, but more portable, and more easily manipulated instrument must be employed.
It must be borne in mind that in new countries in which there are no buildings, no private

demesnes, and no vested interests to interfere with, the selection of a line of railway depends alto-

gether upon the longitudinal section. For this reason the exact route is of little consequence, and
the preliminary survey is limited, in the first case, to determining the relative altitudes of certain

points through which, or in the vicinity of which, the line must pass. If we suppose for a moment
that the altitudes of ten obligatory points have been ascertained, it is a simple question of winding
the line between them, or, in other words, lengthening it until the maximum gradient which can
be worked, is obtained. Flying levels are taken with great convenience and sufficient accuracy

for the purpose by means of an excellent little instrument called the aneroid barometer. This
instrument consists of a flat cylindrical metallic box, exhausted of air, the top of which is made
very thin, and corrugated in concentric circles, in order to render it more elastic. When the

atmospheric pressure increases, this corrugated top is forced inwards or downwards. When, on the

other hand, the atmospheric pressure decreases, the elasticity of the metal, aided by a spring or a
counterweight, tends to move it in the opposite direction. This movement of the top of the box is

conveyed by a series of multiplying levers to an index moving over a circular scale, graduated to

correspond with the structural barometer. The several parts of this instrument are shown in

Fig. 6439. A A is the metallic box, with corrugated top, exhausted of air, and fixed to the bottom

6439

of a brass case enclosing the mechanism of the whole instrument. B is a small column connecting
the top of the box with the principal lever E D, the latter moving upon the fulcrum 0. The move-
ment of the small end of the lever is carried by the rod F to the short end of the bent lever G H,
to the upper end of which is attached the watch-chain 1 1. This chain passes round a small drum
upon the arbor carrying the needle N N at its upper end.

A small hair-spring upon the arbor regulates the motion of the needle. S is a spiral spring,
which, by its tension, raises the principal lever E D, when the pressure on the top of the box is in
any way lessened. The circular scale, seen in section at M, is graduated by comparing its indica-
tions under different pressures with those of a standard mercurial barometer.

With a good aneroid a difference of 10 ft. in elevation may be detected. The mercurial column
in the cislern barometer falls, in round numbers, 1 in. for each 1000 ft. of ascent. The amount of
motion of the aneroid needle corresponding to 1 in. of the mercurial column depends upon the size

and proportions of the instrument. With the outer case 5 in. in diameter, the needle is 3 in. long,
and the diameter of the graduated circle the same. 1 in. on the mercurial column is represented
upon such a circle by an inch and a half. This inch and a half is called an inch, and is divided into
ten parts ; and each of these again is subdivided into five parts ; and as these smaller divisions are
easily halved by the eye, the -¡-^ of an inch, which corresponds to a difference in elevation of only
10 ft., is readily determined.

To use the aneroid, the following rule has been prepared ;—As the sum of the readings at the
different stations is to their difference, so is 55,000 to the elevation required. Thus, if the reading
at the fot of a hill is 30-05, and at the top 29 '44, the sum is 59-49, and the difference 0-61;
whence the proportion 59*49 to 61, as 55,000 to 564 ft. At the back of the aneroid is placed a
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small screw, by means of which the needle may be set in either direction, so as to correspond with
a standard barometer. In measuring an elevation, or in running lines of levels, the aneroid should
be compared with a standard barometer or with another aneroid at the commencement and at the
termination of the work, and at frequent intervals between, in order to detect any irregularity in
the instrument. The aneroid is chiefly useful in working from one known elevation to another, to
determine the approximate heights of intermediate points. For long-continued observations,
unchecked, or for long profiles, the barometer is of little or no use.

The instrument should be carefully handled, and when used held in a horizontal position in

order that the counterweight may act properly. For nice work, an allowance should be made for

variations in the temperature, both of the air and of the instrument.

This has not been commonly done in using the aneroid, though the results would certainly be
more reliable if this point was regarded.

Flying levels may be taken by the plane-table by adjusting it carefully to the horizontal posi-

tion, measuring the tangent of the angle of altitude or depression and multiplying it by the distance.

When the barometer is employed for taking preliminary or flying levels, the following formulae
may be used for calculating the difference of level at the different points where the observations are
made. Let H and B^ represent the height of the mercurial column in the barometer at the lower
and higher stations respectively. Put T and T

t
for the corresponding temperatures at the two

stations of the mercury in degrees of Fahrenheit, as shown by the attached thermometer, and T2

and T3 for the temperatures of the air in degrees of Fahrenheit, as shown by the same thermometer.
Then, putting H2 for the height of the higher station above the lower, we have

H2 - 60360 { log. H - log. H, - • 000044 (T - T
x) } il + ÏL±Ar^ .

When rapidity of calculation is more desirable than great accuracy, the value of H2 sufficiently

exact for all practical purposes is given by the equation

H2 = 56300 (log. H - log. H
x) (l + ^¿^3

)
•

If tables of logarithms are not at hand, and when the height does not exceed 3000 ft. the baro-(T_T\
1 H -—

- ), from

winch H2 = 524285^(1 +-^ )

.

These formulae are applicable also to the aneroid barometer, with the exception of the correction

depending on the temperature by the attached thermometer. The aneroid barometer may be con-

structed in such a manner as will enable all corrections for the effect of its own temperature on its

indications to be dispensed with. If it be required to correct the difference of level for variations

in the force of gravity, the value already found for H2 must be multiplied by

1 + 0-00284 cos. 2 A + Hs

104-50000

In the equation \ is the mean altitude of the two stations or points of observation, and H3 the

mean of their heights in feet above the level of the sea.

Flying or preliminary levels may be also taken by determining the boiling point of pure water
by a sensitive thermometer. The boiling point falls very nearly at the rate of one degree of

Fahrenheit, for every 543 ft. of ascent. The exact rate may be thus determined ; Let F =
height in feet, then F= 517 (212° — T) + (212° - T)2

, in which T is the boiling point in

Fahrenheit's scale and F the height of the station where the experiment is made, above a station

where the boiling point is 212°. To compare the levels of two stations the boiling point of pure
water is to be observed at each, and the quantity F calculated by the formulse for each of the

boiling points. The approximate difference in level will be the difference of the values of F cor-

rected for the temperature of the air.

The use of flying levels, besides affording general information with regard to the proposed route,

is to determine the elevation of detached points of great importance respecting the cost and
feasibility of the line. It is frequently at these spots where constructive works of great magnitude
are required, and unless a tolerably approximate idea of their relative level can be previously

ascertained, it is impossible to make an estimate of the expense of the whole undertaking. In an
old country the levels are frequently made subservient to the plan, that is, that there are so many
objects to be avoided in order to prevent incurring heavy compensatiou and other serious expens« B,

that the direction of the line is often of more importance than the levels and gradients. The
reverse is the case in new countries and colonies. The direction of the line, so far a?- the land is

concerned, is of no consequence. It is the question of the levels which virtually deoides whether
the line is actually practicable, and determines the route which it must follow.

Selection of Route.—In deciding on a project for a railway, the engineer will have to form an
opinion as to whether the expenditure will be repaid, and to select the route which secures the

greatest traffic, and at the same time involves the least expenditure. He has to decide whether the

amount of traffic to be expected will warrant the construction of a first-class railway, or whether ;i

railway of a lighter description will suffice, cheaper to construct, but of correspondingly less carry-

ing power. Such problems involve statistical, political, and commercial considerations, as well as

engineering ones.

There are certain items in the construction and maintenance of railways which are independen I
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of the route selected, but there are others which, on the contrary, are altogether dependent upon
it. The various items which regulate the rate at which goods can be conveyed upon railways are

as follows ;

—

1st. The interest on the capital expended during the construction of the line. As this charge,

for a given line, is a fixed sum, its influence on the cost of transport will be in the inverse ratio of

the quantity of traffic.

2nd. Of the cost of repair and maintenance of the railway, including the earthworks, the per-

manent way, the buildings, the rolling stock, and the apparatus employed in working,
3rd. Of the cost of police.

4th. Of the cost of traction, which is proportional to the trafile.

5th. Of the expenses of management und working, proportional in part to the trafile, and
partly independent of the quantity of traffic.

On English railways only about 50 per cent, of the capital expended before the opening
of the railway has been spent on the actual works of construction. Of the remainder about

20 per cent, on the average has be?n laid out in the purchase of land, about 10 per cent, in

the purchase of carrying stock, and the remainder in law expenses, discounts, and other pre-

liminary charges.

Of the gross receipts, taking one year as a sample, 7 per cent, was absorbed in maintenance of

permanent way, 18 per cent, in locomotive and wagon expenses, 12 per cent, in traffic charges,

and 10 per cent, in police rates and other expenses, amounting to 47 per cent, altogether, and
leaving 53 per cent, for payment of dividends.

It is important to notice the relative proportions of these items, because they indicate the order

of precedence of the questions to be considered in the selection of a line of railway. It is easy to

show from these figures that the augmentation of the traffic holds the first rank amongst the con-

siderations determining the choice of route, and that economy of construction takes precedence of

questions depending on the expenditure of locomotive power.

For a colonial line the cost of construction bears of course a larger proportion to the gross pre-

liminary expenditure ; the cost of land may be reduced, and other preliminary items, unavoidable in

an old country, vanish. In the construction of the Mauritius Eailway the land cost 17 per cent, of

the preliminary expenditure, and nearly the whole of the remainder was due to cost of construction

and rolling stock. Obviously, in such a case, economy of construction is relatively of greater

importance.
If all the traffic is between two terminal points, then the best direction for the road is the

straight line joining them, because, other things being equal, the straight road being the shortest

will be the cheapest to work, and the least expensive to construct. For through traffic the only
reason for departing from the straight direction is the necessity of avoiding heavy works of con-

struction ; and the question whether a straight line involving difficult works, or a more circuitous

but easier route is to be preferred, resolves itself into the question whether the annual saving of

cost of carriage and maintenance, due to the less length of the more direct route, is greater

or less than the interest of the excess of outlay due to its adoption. And since the annual saving
of transport on the shorter distance will be proportional to the quantity of traffic, it is obvious that

the greater the amount of the traffic, the more the outlay which may be incurred to secure the
shortest road.

In the earlier railways in England, constructed at a time when the power of the locomotive was
very limited, all other considerations were sacrificed with a view to the attainment of the most direct

and most perfect line. Indeed, directness was held only second to the necessity of easy gradients.

No expense in heavy works of construction was spared, either in shortening the line or reducing
its gradients. Locke was the first to break through this rule, and his system, known at the time
as the undulating system, was to follow as far as possible the undulations of the ground, and to

diminish to the utmost the cost of construction, by avoiding heavy works. To that end he not only
permitted his lines to deviate from the direct route, but he introduced gradients of 1 in 70 to 1 in 80,

or five times as steep as the ruling gradient on the London and Birmingham, twelve times as steep

as the ruling gradient of the Liverpool and Manchester, and nearly twenty times as steep as that of
the Great Western.

All the tendency of railway engineering since Locke's time has been to follow the direction

indicated by him; instead of ranking flatness of gradient first, directness second, and economy of

construction third, in considering the route to be adopted, that order might almost be said to be
inverted in all but exceptional instances of large and assured traffic.

Independently of quantity of traffic as affecting the outlay on a railway, the necessity of

economy of construction becomes of paramount importance in new countries. In America it is

often necessary to push forward a railway into new districts long before the traffic has assumed
defined directions, or its future amount can be estimated with any certainty, and when capital for

construction of an expensive line cannot be found. In such cases the railway has to be constructed

as cheaply as possible, almost without regard to the effect of the sacrifices to secure that end on the

ultimate cost of transport. The establishment of such a line is, in America, immediately followed
by the settlement of population in the adjacent country, the introduction of industry, and the deve-

lopment of natural resources ; and by the time the cheap structure is worn out the profits have
usually been sufficient to replace it by a more durable and perfect one. Such a course, however, is

not to be justified in a country where the population is tolerably fixed and the traffic can be
estimated with some degree of certainty. In that case, the question between the cheaper and the
more expensive route is, simply, in what way will the total cost of transport, inclusive of interest

charged on outlay, be made a minimum?
When it becomes a question how far the railway shall deviate from the straight line, not only

to reduce the cost of works of construction, but to secure increased traffic, the question is a still

more complex one. If a railroad is very short, the larger proportion of its traffic is through traffic ;
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but the longer it is, the larger the proportion which the local- bears to the through traffic. The
majority of passengers do not travel more than 25 miles, and the same rule holds with freight. A
straight and direct line serves best the through traffic between the terminal points, but it serves

very badly the intermediate district. In England, in France, in America, and in India, the import-
ance of the local traffic has proved much greater than was at first expected, and is now so much more
generally recognized than it used to be, that it is impolitic and prejudicial to sacrifice the inter-

mediate districts to the terminal ones. In India the local traffic pays much more than the through
traffic, and it has in some instances been found worth while to make a considerable detour in order

to pick it up, instead of leaving it to find its way to the main line, or attempting to serve it by
branches. The real question in such a case is, how far will the reduction of the cost of carriage,

due to the augmentation in quantity of the traffic, compensate for the increased expenditure in

traction and maintenance of the longer line?

Gauge.—The gauge of a line depends upon several conditions, such as the gauge of lines already
existing, which must be placed in communication with the proposed railway, the amount of traffic

likely to be developed, the pecuniary condition of the country, and the local features of the route.-

The gauges at present of lines worked by locomotives vary from 1 ft. 11 £ in. to 7 ft. f in., the
former being that of the Festiniog Railway, and the latter that of the Great "Western. The latter

may, however, be regarded as exceptional and obsolete, as it is rapidly giving place to the standard
gauge of 4 ft. 8£ in. In the article Permanent Way, some particulars are given of the various

gauges adopted in English colonies and elsewhere. A break of gauge, or the construction of some
lines in the same country of a different gauge to others, is very undesirable, although this has taken
place in India. The means by which to guard against this error, is not to construct the first lines

in the country of a gauge in excess

of the requirements of the traffic.

It is easy in countries in which the
land is not of any great value to

lay down an additional line of rails,

which will enable more trains to be
run, when necessary, without neces-

an increase in the size of

locomotives and rolling stock

64.40.

sitating

the
generally. A broad gauge means
a corresponding increase in the size

of all the standing works of the

line, and consequently an increased

expenditure in their construction.

Instead of adhering to any par-

ticular standard, the gauge of a
line in a new country should be
selected, as that which will be suffi-

cient for the demands likely to be
made upon it for many years by the
traffic of passengers and goods. In
Japan, for instance, a gauge of 3 ft. 6 in. has been adopted. The manner in which the gauge affects

the standing works of the line, and the transverse area, will be apparent from an inspection of

Fig. 6440 and Table I., in which all dimensions are in feet and inches.

Table I.

Gauge. A. B. C. D. E. F. G. H. I. J. K. L. M. N. 0.
J

P.

Broad .. 7-0f 6-0 7-0 27-5 13-5 5-7* 1-4| 16-0 14-0 2-9 9-6 14-3 11-7 3-1 5-10 6-0

Standard 4-8* 6-0 6-7 24-31 11-11 4-7 2-0 14-6 11-0 2-0 8-4 13-6 11-7 3 4 5-8
1 20

Irish .. 53 6-0 8-2 28-0 11-8 4-9 1-7* 14-6 10-6 2-9 10-0 13-3 11-6 3-5 6-2 18-0

Indian .

.

5-6 6-0 6-1H 24-10 11-11 5-24 1-9 14-6 11-6 3-0 10-6 13-6 11-6 36 6-5 3-0

Prussian 4-8J 6-216-7 24-6 11-4 5-5 1-2 159 15-9 2-6 8-7 13-6 120 3*5,5-9 6-7

Although the wider the gauge, the wider the rolling stock, as a rule, yet the breadth of the

carriages does not depend altogether upon that of the gauge, because the overhang, or the projec-

tion of the sides over the metals, may be varied to a certain extent, according to the opinion of the

engineer. It is evident that with a gauge of very limited dimensions, if the overhang ia consider-

ably out of proportion, the carriages will rock very much, and dangerously so at high speeds. As
the gauge diminishes, and the overhang increases, the whole system becomes approximated to a

single rail with the rolling stock balanced upon it. The rocking or lurching of carriages becomes
sometimes very serious, especially when the six-foot or ordinary distance between any pair of rails

is reduced, as occurs at stations and at those spots at which junctions and sidings take place.

Accidents have happened at these points by reason of the sides of the carriages coming in contact.

In all cases the gauge is measured from the inside of the head of the rails. Wheels which are

designed for one particular gauge will run over others in which the difference does not amount to

more than an inch one way or the other.

Gradients and Curves.—The considerations which governed the adoption of gradients on ordinary
roads were for a long time supposed to apply to the locomotive, and to fix the properruling gradient
on railways at about 1 in 250. There has been much discussion as to the gradients which a locomo-
tive was capable of ascending, and as to whether the power expended un the ascending gradients
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was or was not recuperated on the descending ones. It was at no very distant period predicted by

a leading engineer that the working expenses of gradients of 1 in 40 would amount to such a sum as

to more than swallow up any possible receipts. And on the earlier lines, in several instances,

where steep gradients could not be avoided, stationary engines were erected to draw up the trains

by rope traction. Now the case of the locomotive is in many respects very different from that of a

horse on a metalled road. The tractive power of the engine for a given effective steam-pressure is

constant, and nearly independent of the velocity, and the adhesion is constant. Hence a reserve of

tractive force for surmounting difficult parts of the line can only be obtained by working the engine

over the other parts of the line at less than the full power of which it is capable, and therefore

uneconomically.
But, on the other hand, the resistance on railways is not, like the resistance on roads, indepen-

dent of the velocity. Hence an engine will take up a gradient, at a slow speed, the load which it is

capable of drawing at a much higher speed on the level ; and since, generally, some variation of

speed may be permitted without objection, a compensation is thus afforded to the otherwise preju-

dicial influence of the gradient. Again, if the gradient is only a short one, then the locomotive

may, so to speak, take the gradient at a run, and, by gradually expending in the ascent, part of the

work accumulated in approaching it, may also take up a heavier load than would otherwise be

possible. Both these considerations help to explain why the influence of gradients on the cost of

traction on railways has been much less than the earlier engineers supposed would be the case.

The most important consideration, however, is that the locomotive expenses form only about one-

third of the whole expenditure on transport ; and since the power expended on the gradient affects

only this item of the expenditure of working the line, it may easily be seen that there may in other

ways be compensation to such an extent as to quite hide the influence of the gradients. The Lanca-

shire and Yorkshire is a line with very heavy gradients and with very heavy traffic ; but neither

the expenditure on maintenance of way, nor the expenses of traction a train mile, nor the proportion

of the expenditure to receipts, differ much from thai on other lines on which the gradients are much
more favourable.

But when the inclines are long and the traffic heavy there is no doubt that steep inclines have

a very great influence on that part of the total cost of transport comprehended under the head of

locomotive expenses ; and if a judgment is to be formed as to the desirability or not of permitting a

heavy gradient, it must be by comparing the excess of cost of working due to the gradient with the

saving in cost of construction, or in other ways which its adoption permits. Desgranges has shown,

in the Bulletin of the French Society of Civil Engineers, how great is the influence of the Soem-
mering incline on the cost of working the railway on which it occurs ; and similar results have been
published in regard to the Giovi and Poretta inclines.

Let us suppose an engine of the maximum ordinary weight, say 48 tons. If all the wheels were
coupled, and the coefficient of adhesion were taken at ¿, the adhesion would be in round numbers
1200 lbs. That the tractive force might be equivalent to this adhesion, supposing the cylinders

18 in. diameter, 24-in. stroke, and the driving wheels 4 ft. diameter, the mean effective steam-pressure

would require to be 50 lbs. on the square inch.

Taking the resistance of a train at 10 miles an hour at 7 lbs. a ton, that of the engine at 13*5 lbs.,

with 1 lb. extra for friction, this engine would draw on the level a train load of 1600 tons. On an
incline of 1 in 100 the train load would have to be reduced to 375 tons ; on an incline of 1 in 40 it

would have to be reduced to 137 tons, and on an incline of 1 in 27 it would only take up a load of

81 tons. Lastly, on an incline of 1 in 10 nearly, the engine would only be able to take up its own
weight.

Now, practically speaking, the cost of the engine power would be the same to the mile whether
the engine were dragging behind 1600 tons on the level, or only taking its own weight up in 1 in

10. It is obvious, therefore, that on railways the ruling gradient has a great influence on the

locomotive expenses.

In the above instances the work of the engine was limited simply by the adhesion. Let us

suppose, next, that in place of carrying a maximum load the engine is required to work at a maxi-
mum speed. In this case the work of the engine will be chiefly limited by the evaporative power
of the boiler, but the gradients will have an equally striking influence. Suppose the same engine
modified so as to have a single pair of driving wheels, the weight on which is 15 tons and the
adhesion 3750 lbs., and let the engine be capable of developing 400 horse-power and work at a
minimum speed on the gradients of 40 miles an hour. The tractive force of the engine will be

r--— —— = 3750 lbs. If the resistance of the train be taken at 20 lbs. and that of the
5280 x 40

engine at 20 lbs. also, then on the level (48 x 20) + (P x 20) = or< 3750, .: P = or< 140 tons.

2240
On an incline of 1 in 100 (48 x 20) + (P x 20) + (P 4- 48) —— = or < 3750, .-. P = 40 tons ;

and on inclines greater than 1 in 37 the engine would be unable to maintain the speed with no train
at all.

At the present moment the problem with engineers is not so much how to construct lines with
easy gradients as how locomotives can be constructed to work gradients of maximum steepness.

7n
e {kecrington incline of 1 in 37, the Oldham incline of 1 in 27, the Soemmering incline of 1 in

i. i f
la,n GMt feline of 1 in 37, the Giovi incline of 1 in 36 and 1 in 27, have now been

worked for years with ordinary locomotives. The navigation incline of the Taff Vale Kailway,
originally constructed for rope traction, is now worked by locomotives, the maximum gradient being
1 in 17-8, and the average 1 in 20 for half a mile. The engines which work this incline weigh, in
working order, 36 tons, and they have six coupled 4-ft. wheels, 16-in. cylinders, 24-in. stroke, and
work with a boiler pressure of 130 lbs. The maximum load they will take up the incline is 45 tons,
and the regulation load 25 tons. The Mauritius Railway has gradients varying from 1 in 60 to 1
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in 27, there being 2^ miles altogether of the latter gradient, and 61G3 ft. in a continuous length.

The railway rises in all 1817 ft. in 16 miles, and descends an equal distance in 19 miles on the other

side of the ridge. This railway is worked by tank engines weighing 48 tons with eight coupled
wheels 4 ft. in diameter, the cylinders being 18 in. diameter, 24-in. stroke, and the steam-pressure
120 lbs. These engines take ordinarily five passenger carriages and a brake van, weighing altogether
42 tons, and on some occasions have taken 56 tons. The running speed of the passenger trains

is 16 miles an hour, or, including stoppages, 12 miles ; the ordinary load of goods trains in descend-
ing is 100 tons, though 120 tons have been taken. The ordinary running speed for goods trains is

12 miles, or, including stoppages, 9 miles an hour.

On the Soemmering incline of 1 in 40, engines of the same dimensions take up passenger trains

weighing 130 tons, and goods trains of 175 to 200 tons. Engines of 43 tons weight take trains of

190 tons up the Glyn Neath incline of 1 in 47 for 5 miles ; at 7 or 8 miles an hour a 56-ton engine
has taken 300 tons at 6| miles up the same incline. On the Copiapo Railway in Chili, which has
been worked by locomotive power for six years, there are inclines of as much as 1 in 20, and in the
direction of the heaviest traffic of as much as 1 in 23. This railway rises 2276 ft. in 14§ miles and
then descends 1990 ft. in 9J miles. The engines are outside cylinder engines with six coupled 4-ft.

wheels and a 4-wheeled bogie in front. The weight of the engine in working order is 32 tons, and
the adhesion weight 24 tons ; the ordinary load is 50 tons, exclusive of the engine and tender, and
a load of 77 tons wasxm one occasion taken over the inclines of 1 in 23. It appears that in Chili

an adhesion of one quarter the weight on the driving wheels has been attained, and that one-fifth is

utilized with the ordinary load. But the climate of Chili is peculiarly favourable, there being little

rain.

During the construction of the Baltimore and Ohio Railway temporary lines with maximum
gradients of 1 in 10 were constructed over the tunnel ridges for the conveyance of materials.

Engines weighing 27 tons took one car weighing 14 tons over these inclines. And over a similar

temporary line with gradients of 1 in 16 and 1 in 20, the same engine took regularly, for six months,
three cars, weighing 15 tons each.

In the face of these facts the opinion of engineers has undergone a complete revolution on the
question of steep gradients, and perhaps the tendency at the present moment is to adopt gradients

even steeper than is desirable. As the power of the locomotive has increased, the possibility of

surmounting steep gradients has increased in the same ratio, and the question of ruling gradient is

much less exclusively dependent on the available power, and much more dependent on the natural

configuration of the country.

No one would adopt steep gradients from choice. Still, cases will arise where a certain liberty

of choice of gradient is afforded, and this may arise in two ways. The engineer may have choice

between a longer line with a flatter gradient, and a shorter with a steep gradient ; or he may have
choice between lines nearly equal in length, one of which is a surface line with heavy gradients,

the other a line in which ease of gradient is secured by tunnelling or heavy works of construction.

In either of these cases the primary question is, to decide which alternative renders the sum of the
expenses of traction and interest on outlay a ton of load carried, a minimum, and in ascertaining

that the cost to the train mile may be assumed as approximately constant.

The following approximate formula will be found convenient for estimating the train load which
a given engine will carry, supposing all the wheels coupled. P 1 = P2

, then

P = ( - lì P 1
.

V -0000026 V2 + »4- -0036 J

For large and heavy traffic at high speeds it is worth while to incur almost any expenditure to

obtain the best gradient possible. If the traffic is lighter, or chiefly passenger traffic, but the speed
still required to be great, a somewhat steeper gradient may be adopted, say 1 in 100 to 1 in 150.

If the traffic can be worked at slow speeds the gradient may be greater still ; 1 in 40 is the limit

prescribed in the economical railway system in Norway. If the climate is such that a large coeffi-

cient of adhesion can be depended on, then the experience in Chili shows that inclines of 1 in 20 to

1 in 25 may be worked by ordinary locomotives. Finally, if we change the structure of the loco-

motive, as Fell has done, we may surmount gradients of 1 in 12. The less the individual weight of

trains to be transported the steeper the gradient which may be permitted.

There is, however, one aspect of steep gradients which requires notice, and that is, the increased
danger attending the working. A train, the resistance of which is 7 lbs. a ton, will descend an
incline of 1 in 320 by its own weight, and on greater inclines its motion will be accelerated. Tho
same happens to ordinary goods engines with coupled wheels on inclines of 1 in 100, and to pas-

senger engines on inclines of 1 in 150 to 1 in 200. If the incline is a long one the acceleration in

descending, due to gravity, may become dangerous, and the train may require to be controlled by
the brakes, which involves a waste of power in friction and increased destruction of the permanent
way. Now it appears that in fine, dry weather the retarding power of brakes is from 400 to 470 lbs.

a ton of the weight on the wheels to which the brakes are applied ; but that in misty weather tho

average retarding force is only 120 lbs. a ton. or -^ of the weight. Hence, in misty weather, on
inclines of more than 1 in 18 a carriage would descend by gravity alone even though its wheels
were skidded, aud in dry weather the same would happen on inclines of more than 1 in 5.

The distance in which a train could be stopped by the brakes in descending an incline of 1 in

1 -r- », supposing them to be applied when the train is travelling at a velocity of V miles an hour,

would be in feet V2 -j- 30 (/* — i), where f
l is the proportion of the resistance caused by the brakes

to the weight of the train. In wet weather, on inclines like those on the Mauritius Railway of

1 in 27, supposing the velocity attained before the application of the brakes to be 20 miles an hour,

and with the brakes applied to all the wheels of engine and train, the distance required to bring

the train to rest would be 202
-r- 30 (^- - —) = 720 ft.
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It is not, however, usual to brake the engine wheels except in emergencies, because the

action of the brakes has been found to heat and loosen the wheel tires. Now, for goods trains with

a 48-ton engine and 80 tons train, the coefficient of resistance would be reduced to — x _-^r = ¡^ •

18 128 25
In that case, with all the train wheels braked, the distance required to arrest the train on an

incline of 1 in 27 would be increased to 202 -*- 30 (
— - —

j
= 4500 ft. During less than two

years' working, trains have got beyond control on the Mauritius Railway five times, attaining once

an average speed over four miles of 45 miles an hour, but in other instances terrible accidents have
occurred from this cause.

Resistance of Curves.—Curves increase the resistance also in a degree not very well known.
Rankine found the additional resistance due to curves, for light passenger-carriages, with truly

cylindrical wheels to be in lbs. a ton, 1*4 -f- radius of curve in miles. But he points out that if

the wheels are not truly cylindrical, but somewhat coned, as is more common, the resistance on
the level line will be increased, and that on the curves diminished, so that the difference between
the resistance on the level and on curves will be less felt.

Experiments in America by Latrobe give for the resistance on curves in lbs. a ton, • 578 -r- radius

in miles.

MM. Vuillemin, Guebhard, and Dieudonné found no sensible increase of resistance with
passenger trains at low speeds on curves of more than 75 chains radius. At 35 miles on a curve

of 75 chains the resistance of a passenger train was increased by 5 per cent., or the resistance due
to the curve was 0*8 -r- radius in miles. For goods trains, the additional resistance at 16 miles on
curves of 50 and 40 chains was about 1 *5 -f- radius in miles. The passenger trains consisted of

twelve carriages, and the goods trains of forty wagons. The increase of length of train appears to

increase the frictional resistance on curves by rendering the line of traction oblique.

Assumiug, as sufficiently accurate for the purpose, that the resistance from curvature is inversely

as the radius, it follows that there is the same resistance experienced in running 1 mile of a curve
of 2 degrees as in running 2 miles of a curve of 1 degree. In both cases the number of degrees

of deflection is the same. The total resistance is proportional to the whole number of degrees

traversed, and is independent of the radius or length of the curve theoretically considered.

The average of numerous experiments would seem to show that the resistance upon a 10-degree

curve, or a curve of 574 ft. radius, at a speed of 20 miles an hour, is double that upon a straight line.

In traversing therefore a 10-degree curve, a mile long, we should consume an amount of power
sufficient to haul a train 2 miles upon a straight line. The length of a 10-degree curve is, however,

only 574 x 2 x 3* 1416, or 3606 ft. ; and this, being a whole circle, contains 360°. The proportionate

number of degrees in a mile, or 5280 ft., is 527 ; which is thus the number of degrees, whatever the

radius, consuming an amount of power which would haul a train 1 mile on a straight and level

road at 20 miles an hour ; and this is therefore the equating number for comparing the curvature

upon different lines, just as 24 ft. was the equating number for the comparison of gradients at the

same speed. But, as in the case of grades, a double expenditure of power does not involve a double
cost. We, however, increase the cost of operation more in doubling the resistance by curvature

than we do in doubling it by gradients, since the effect of curvature upon the wear and tear of the
engines, cars, and track, is greater than that of gradients. Taking the operation of the 1500 miles of

railway in Massachusetts as a basis, and adding, for a double expenditure of power, demanded by
curves, 25 per cent, to the cost of repairs of the roadway, engines, and cars, and 100 per cent, to the

cost of fuel, we shall increase the whole expense of operating and maintaining the road by about 25
per cent. If therefore a mile of road containing 527 degrees of curvature demands the exertion of

double the power required upon an equal length of straight line, and if the exertion of a double
power involves 25 per cent, more expense, the number of degrees consuming an amount of money

sufficient to operate and maintain 1 mile of road will be— of 527, or 2108 degrees ; which is thus
Ax)

the equating number for curvature at a speed of 20 miles an hour. This number, however, being
based upon a double resistance, will vary according to the actual resistance upon a straight line,

and thus according to the speed, as shown in the following Table, where column 3 gives the radius
of the curve upon which the resistance is double that upon a straight line, these radii being made
inversely to the resistances in column 2. The number of degrees of deflection in column 4 is

found by the proportion, rad. (col. 3) x 3*1416 x 2 to 5280 as 360D to No. in col. 4; and the

numbers in column 5 are -^ of those in column 4, and may be used as the equating numbers for
25

curvature.

Table II.

Speed in
miles an hour,

15
20
25
30
40
50

Resistance in

lbs. a ton.

93
103
11-7
133
174
22-6

Radius of
Curve of
Double

Resistance.

636
574
506
444
340
261

Corresponding
No. of Degrees

in a Mile.

476
527
598
682
890

1159

Equating No.
in Degrees.

1904
2108
2392
2728
3560
4636
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Inasmuch as the expense of operation is more increased by sharp than by easy curvature, just as

it is more increased by steep than by light gradients, we should vary the equating number, in any
comparison of surveyed lines, as we varied the equating number for gradients in the example upon a
preceding page. It is, however, impossible to say, with any exactness, what this variation should
be, since we have no means of knowing what effect the sharpening of the curvature has upon the

working expenses. The general effect is, of course, to make the equating number smaller for sharp
curves, and larger for curves of large radius. Suppose we have surveyed two lines, the first being
100 miles long, and having 4216 degrees of curvature, and the second being 98 miles long, and
having 8432 degrees of curvature. At a speed of 20 miles an hour, the equating number is 2108

4216 84 c59

degrees, and the equating distances 100 4- —- , or 102 miles ; and 98 4- -—
, or 102 miles.

If we assume the cost of operation to be as the equated length, we may compare any number of

routes, by adding in each case the cost of construction to the operating expense of the equated
length, capitalized. From what has been said, it may be seen how important it is to guard against

the introduction of gradients and curves without carefully considering ther- cost. We have regarded
gradients and curves only as demanding a greater locomotive power, and as causing an increased wear
and tear of track and machinery.

When, however, a road is liable to be worked up to its full capacity by gradients or curves it becomes
a much more serious matter. The capacity of a road being limited by the number and weight of

trains that can be run over it, if by increasing the resistance by gradients or curves, the trains are

reduced in weight one-half, the capacity of the road is reduced by the same amount, and the cost of

transportation is doubled.

In estimating the amount to be spent in reducing gradients or curves, we are of course to regard
the effect of these elements upon the coat of operation in the same manner as above stated in the

case of simple distance ; but the interest upon the cost of construction which applies to distance,

does not apply to gradients or curves. Thus, while a certain number of feet of ascent, or of degrees

of curvature, may be regarded as equivalent to a mile of distance, in the matter of operation, they

are less objectionable by the amount of interest upon the cost of building a mile of road.

Cost of Transport over any given Line.—Having decided upon the line of railway to be adopted, it

will be useful to make a tolerably accurate estimate of the cost of the carriage over it, after having
ascertained the necessary data. The cost will be nearly constant to the train mile, and its amount
a ton of paying load will depend, first, on the gross load which the engine will draw, and, secondly,

on the ratio between the paying and the non-paying load. Put W for the gross weight of the train

in tons, exclusive of engine and tender, which the engine will draw. Let E = the resistance of

the train in lbs. a ton, Wj = the weight in tons of the engine and tender, Ei = the resistance

of the engine and tender as vehieles in lbs. a ton, V = the velocity of the train in miles an hour,

N = the number of effective horse-power which the engine can develop exclusive of the friction

of the machinery, W2 = the adhesion weight of the engine in tons, and F = the coefficient of

adhesion. The effort in running will be W x ß + Wj X E, in lbs. The work a second
expended by the engine is 1*47 (W E + W\ Ej) V in foot lbs. In order that the engine may move
the train, the power must not be less than the latter quantity, and the adhesion not less than the

former, so that to fulfil these conditions we have 1*47 (WE + W,B,) V = or < N x 550, and
also WE + W,K, = or < 2240 X F x W2 . If the line, instead of being level has a ruling

gradient equal to G, then the above equations become 1 -47
{ W E + W, Ej ± 2240 (W + Wj) G } =

or < 550 Ñ and (WE + f, E
x ) ± 2240 (W + Wx) G = or < 2240 FW 2 . In finding the value

of E an approximate value for the gross weight of the train must be assumed, the weight of the

train must then be calculated, and if the latter result does not agree with the former, the new
weight must be used in finding E, and a second approximation obtained.

Experiments have proved that for very low speeds the resistance of a train of carriages or

wagons is simply proportional to its weight under given conditions, but that at higher speeds it

increases rapidly. For slow speeds the value of E is about 7 lbs. a ton. Making W as before the
gross weight of the train in tons, E the resistance in pounds a ton, and V the velocity in miles an
hour, we have the following values for E according to the conditions of each particular case.

1st. For goods trains at 8 to 20 miles an hour,

K = 3 • 64 4- ' 177 V (for axles lubricated with oil),

B = 5-08 4- *177 V (for axles greased).

2nd. For passenger and mixed trains, at speeds of 20 to 30 miles an hour,

R = 4+-2S3V+- 8^2

.

3rd. For passenger trains at 30 to 40 miles an hour

B = 4 4- -283 V +

4th. For express trains at 40 to 50 miles an hour,

187 V2

~W

126 A;Tl

B-4 + ;495V+ —w~ •

The resistance of the engines and their tenders, considered as vehicles, is greater than that of

the train. The experiments on the friction of engines when drawn along the line by another

engine, are less complete than those on the friction of carriages and wagons, but it appears that the

resistance of goods engines and tenders is about 2£ times as much a ton as that of the train ; and
8 K
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the resistance of engines with one pair of driving wheels is about 1\ times that of the train at
speeds not exceeding 30 miles an hour.

Within this limit the following formulas give the resistance of engines, considered as carriages
that is, independently of the friction of the working parts when under steam.

Goods engine R
x
= 9 • 1 + • 442 V

Mixed engine E
1
= 5 • 5 + • 265 v'

Express engine R
x
= 4*55 + -221 v!

At higher speeds the resistance of the engines, considered as vehicles, probably becomes
sensibly equal to that of the train. If, instead of being drawn by another engine, as a vehicle, the
engine has itself to draw the train, then the friction of its working parts increases, and a further
addition is made to the resistance. Vuillemin, Guebhard, and Dieudonne' have found, by calcu-
lating the actual engine power in one instance, that about 15 per cent, of the whole power of the
engine was expended in the transport and friction of the engine itself, so that the tractive force on
the draw-bar was 85 only of that calculated from the steam pressure. A common allowance for
the extra friction of the working parts of the engine, when running with the load on, is 1 lb. a ton
of the engine weight.

Thus far the resistance on the level has been considered ; if, instead of being level, the line has
a gradient, then the action of gravity increases the resistance, if the train is ascending, and

diminishes it if descending. If the gradient is 1 in - so that is the sine of the angle of inclina-

tion, and R is the resistance on the level, then the resistance to ascending the gradient is in lbs
a ton R + 2240 6, and in descending R - 2240 6.

An approximate formula by Clarke for train resistances is convenient for calculation. If Ri =
the resistance of engine, tender, and train in lbs. a ton of gross weight, then

_, V2 + 1368
,
V2

XV, = —

—

= 0-1 •
1

171
T

171

Similarly, if R2 = the resistance of the train alone in lbs. a ton,

V2 + 1440 _ V2

These formulae do not take into account the friction of the machinery. The resistance due to the
friction of the working parts of the engine with the load, together with that of the engine and
tender considered as vehicles, is given by Clarke as in lbs. a ton weight of engine and tender.
Calling this resistance R3 , we have the equation

E
*Käö

+6
)
+ 6>+ 2

)

w + wx

w

In this equation the first quantity f — + 6 j is the resistance of the engine and tender as vehicles,

/ V2 \ W +W
while the second quantity I - - + 21— —* represents the resistance due to the friction of the

machinery.
Estimate.—As the object is to reduce the cost of the line to a minimum, the gradients should be

laid out so as to balance the respective quantities in the cuttings and embankments. Moreover, in

laying down the gradients, attention must be paid to all details which may affect the cost of the work,
such as the heights of floods, and the sections of the roads which have to be crossed either by an
under or over bridge. At points where it is proposed to place stations, the gradients for a length
of 7 or 800 ft. must be flat, if it is not possible to introduce a horizontal piece of that length. In
determining when tunnels are to be made, regard must be had to the means of running out the
material supposing an open cutting were to be substituted. The simplest case is that in which a
tunnel is made instead of a cutting which would be run to spoil, and the height at which it

becomes cheaper to substitute the tunnel may be thus found.

Let H = the height in feet, B the base of the cutting, R the ratio of the slopes, P the price

of the cutting a cube yard, and P 1 the price of the tunnel a yard run. The price of the cutting
a yard run will be given by the equation P (BH + RH2

), which by the question must be
9 x pi

equal to P 1

, so we have H (B + R H) = —^— . Solving the quadratic we finally obtain

/(j~ x pi pT p
II — v _ _. 4. __. _ , Instead of the cutting being run to spoil, if it should be wanted

P x R 4R2 2R
to make up an embankment, the cost of the side cutting thus required must be charged against the
tunnel in the estimate of its cost. The principal items in the estimate of a line of railway, not
including the locomotives and rolling stock, are as follows ;—Excavation, soiling and sowing slopes,

fencing, road metalling and pitching, ballast, boxing,jmblic and farm road level crossings, bridges,

tunnels, diversion of streams and roads, culverts and drainage, laying the permanent way, main-
tenance of way. It will generally be found cheaper to divert roads and streams instead of building
bridges either under or over them. In the latter case the interests of mill-owners and riparian

manufacturers must be taken into consideration.
Slaking and Setting Out the Line and Works.—The chain used is generally either the 66-ft. or

100-ft. chain. The latter possesses many advantages over the former, especially in the convenience
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it affords in calculations of estimates and gradients. The only disadvantage the 100-ft. chain

labours under is, that it lacks whatever convenience is supposed to appertain to the fact of 10 square
statute chains being equal to an acre; but in reality this is of no account. The first thing to be
done in the field is, to mark out the centre line of railway, putting in a stake at every distance of

100 ft., or whatever may be the length of the chain used. The centre line of railway, no matter how
curved, may be considered as a series of intersecting straight lines joined by curve,--, and the process

of staking is based on this view. For ranging straight lines, or setting out curves, the transit

theodolite is the proper instrument to employ. A line is transferred from the map to the ground
by putting up five or six poles, or more, according to its length, at well-defined points on it, such as

the crossing of a fence at a measured distance from another fence. When these are erected with
flags on them, two are selected to represent the line, and the rest taken down.

In placing stakes for any structure, they should be so far outside the work that they will remain
undisturbed during future operations. The stakes for excavations for foundations should be placed
at the angles, and the working points must be so placed that lines stretched from one to the other
will define the permanent superstructure. Two stakes placed at a moderate distance apart upon
the land will determine any line on water, and two sets of stakes, upon different lines on land will

by their intersection determine any point upon water with all the accuracy necessary for practical

purposes. A permanent bench mark or B.M., should be established and accurately checked at the

beginning and ending of all cuttings and embankments, and intermediate ones put in at intervals

of about 5 or 600 ft. These B.Ms, should also be fixed at a short distance from every bridge,

viaduct, or other permanent structure on the line, so that the requisite levels can be given to the
workmen with precision and facility. All bench marks should be registered for future reference at

any time.

The ranging the straight portions of a line is so simple an affair, that with ordinary care and
attention an error is scarcely possible ; it is in the curves that errors are liable to be made, which are

often not perceived until half the curve is laid out, and even sometimes are only discovered by the

curve not coming in at its proper springing point, thus necessitating a repetition of the process of

putting in the curve. Of the numerous methods at present known, some have been furnished by
scientific persons laying no claims to professional practice, and consequently are of a purely theo-

retical nature ; while others, though practically available, are only calculated to meet the require-

ments of such very exceptional cases that their utility is exceedingly questionable. Excluding these

as for obvious reasons unsuitable to the present subject, the remainder may be classed under two
heads ;—1st, the methods by offsets which dispense with the use of an angular instrument ; and 2nd,

the methods which require the use of such instruments, or the methods by angles, as they have been
called. In laying out curves by the former methods the necessary instruments are chain, ranging
rods, offset-staff, or tape, where the offsets exceed 10 ft. in length. In the latter the offset-staff is

replaced by a theodolite, plain or transit ; or a portable altitude and azimuth instrument might be
used if a theodolite could not be obtained, though the preference should always be given to the

theodolite as the proper instrument for laying out curves by the methods of angles. In the follow-

ing investigation we shall take Kankine's method as the best example of putting in curves by means
of angles, partly because this elegant and generally useful method is becoming more and more
adopted every day ; and partly because the other examples of a similar kind are based upon the

assumption that the springings, that is the commencement and termination of the curve, or each
springing, and the intersecting point of their tangents, are visible from one another—a condition

which rarely occurs in practice. In the diagram, Fig. 6441, let S S
x
be the terminations of two

straight portions of a railway which are to be connected by the
curve S P Sx ; S Si will thus be the two springings of the curve, 6441 -

P a point in the middle of the curve, commonly but erroneously

called the secant point, and I the intersecting point of the
tangents to the curve, or straight portions of the line.

It may be observed that in all the methods included under
the first head, where no angular instrument is employed, the
springings cannot be obtained with any great pretensions to

accuracy, for they must of necessity be taken from the plan.

We shall suppose the staking out of the line to have been pro-

ceeded with as far as S, which will be the commencement of

the curve or first springing, and that the stakes are driven at

regular intervals of 100 ft. apart, both in the straight and
curved portions of the line ; we shall also assume, for simplicity's

sake, the point S to be at one of these stakes, although it is

right to mention that when the springings are obtained by the

use of a theodolite,—that is, generally, by observing the angle
of intersection S I S,, Fig. 6441, calculating the length of the

tangent I S, and chaining to the point S,—the chances are that

it will never coincide with one of the 100-ft. stakes ; on the

contrary, by the methods by offsets where S is assumed, it

would be sufficiently accurate in the majority of cases, and far

more convenient, to take one of the regular stakes as the springing, and thus save the calculation

of an additional offset.

In Fig. 6441 let pn p 2 , p3t be points in the curve 100 ft. apart ; and let us now examine the

manner in which their positions are determined, confining our attention, for the moment, to the

left-hand half of the figure, which will serve to demonstrate the principles of Kankine's method and
the common method by offsets. In the latter method the measured distances Sc?, p x

d
ly p2

d„, and
in the former Sp^ p x p2i p2 p3 , are assumed equal to the arcs, Sp,, p l p2 , p2 ps . This is practically

correct within certain well-known limits, and when necessary the error can be reduced, either by
8 K 2
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calculation, or by driving the stakes closer to one another, say 50 instead of 100 ft. ; this, however,

is not required except in very sharp curves. By the method of offsets the point p x
is obtained by

chaining the distance S d = 100 ft., and laying off at right angles the calculated offset d p x ;

similarly the point p2 is obtained by chaining p x
d

x , and setting off d
x , p2 , and so on. By the other

method, suppose the theodolite planted at S, the angle I S p l
is laid off = angle for one chain, and

the chain stretched from the point S ; where it intersects the line of direction given by the instru-

ment will be the required point p 1 ; the point p2 is obtained by setting off the angle ISp2
=

twice the former angle, and intersecting the line of direction by the chain, one end being firmly

held at the last obtained point p x ; and so on until the nature of the ground renders it necessary

to remove the instrument to one of the stakes whose position has been previously determined,

when the same process is resumed and continued to the end of the curve.

It is evident that by the former method the position of any point in the curve depends absolutely

and entirely on the position of the preceding ones ; this, however, is not the case when the theodo-

lite is used ; for, take the point jo2 for instance, the line of direction of this point is given by the
angle I S p2 and is totally independent of the position of the point p x ; and it should be observed

that the lines of direction are obtained with a precision which the most practised and dexterous

manipulation of the chain and offset-staff can never attain.

It is true, notwithstanding this, that any error in the chaining would certainly produce an error

in the position of the point p2 ; but, in our present comparison, it is equally just to assume the

errors incidental to chaining as common to both methods, or, what amounts to the same, to consider

the chaining accurately performed. We then have the accuracy of laying off the offsets balanced
against the accuracy of the theodolite. The difficulty of performing the former correctly increases

with the length of the offsets employed ; or supposing the measured distances constant, inversely as

the radius; the reverse happens with the theodolite, for, as the angles to be laid off are thus
increased, the lines of direction are all the more likely to be accurate. Progressive errors are

common to both these methods, but the points P and S
x
act as certain and reliable checks in the

latter, respecting both distance and direction ; these checks are wanting in the former method, and
in fact all that can be done is to lay out the curve as accurately as possible, and take the chance of

it coming in at the point S
x , which chance, especially. if the curve be a long one, is very small

indeed, as may be imagined, when the inventor admits that in many cases " the curve has to be
frequently retraced several times before it can be got right."

There are certain exceptional cases, however, in which this method, on account of its requiring
so few preliminary calculations and lines on the ground, is valuable ; as, for instance, where any
intermediate stakes in a curve have been lost or destroyed, as frequently occurs during the progress

of the works of a line. By simply producing the chords joining any two stakes, and laying off the
correct distances and offsets, the missing stakes can be restored with ease and facility ; also in road
approaches, road diversions, and all similar instances where the curve is short and great accu-

racy not required, this common method will be found very useful. In order to obviate the pro-

gressive errors arising from using such short distances as one chain, greater lengths may be taken
and the proper offsets measured from them ; but, as the regular stakes would have to be put in
afterwards, this modification of the preceding method, besides being liable to the same errors,

involves the absolute necessity of putting in the curve twice at least.

The right-hand portion of Fig. 6441 serves to show the demonstration of this ; the errors du io

progression being reduced by calculating the distance Sj E, so that the measured offset Ep3 may
serve as a check on the point p3 , one of the regular stakes to be afterwards filled in. It may be
urged as an objection to the method by angles, that a great deal of inconvenience and delay is

incurred in chaining the tangents I S and I S„ Fig. 6441, in order to obtain the accurate position

of the springings of the curve S and S! ; these points, however, may be accurately found in another
manner whenever the middle point P in the curve is previously determined ; for let the instrument
be set up over P, and the angles IPS and I P Sj laid off, each being equal to 90° plus half the
angle in the whole curve, which give us the lines of direction P S and P Sn and all that remains
is to produce them until they intersect the two straight portions of the line in S and S! ; the nature
of the ground will be the best guide respecting which of these means should be employed for the
above purpose.

Another example of the methods by offsets is shown in the diagram, Fig. 6442, in which SPS,
is the curve, and the remainder of the figure is self-explanatory. Taking the left-hand portion of the
diagram first, it will be seen that the distances are measured along the tangent line S

x , and the
offsets measured perpendicularly, which, it is manifest, in long curves of small radius, would assume
such lengthened proportions as to render it impossible to lay them off accurately. As a rule, to
ensure the proper degree of accuracy in the points of the curve in the example in Fig. 6442, the
length of the curve should not exceed one-fourth of its radius, so that this method becomes inappli-
cable to curves possessing radii of lengths greater than from one-eighth to one-quarter of a mile, which
last is even a very short curve. This example has an advantage over the first described, Fig. 6441,
inasmuch as the progressive errors cannot go beyond half the curve, for the offsets for the remaining
half are obtained from an independent datum, namely, the other tangent line S, I ; the liability to error
is also further lessened in consequence of the direction of the lines along which the distances are
measured remaining constant instead of requiring to be changed for every offset, as in the example
given before. This advantage is partially lost in long and sharp curves, when, in order to keep the
lengths of the offsets within proper limits, it becomes necessary to run two or more tangent lines as
base liney to measure the offsets from, as shown on the right-hand portion of Fig. 6442 ; in fact, it

amounts to this, that in order to reduce the chances of error in one direction we are compelled to
incur the chances of making them in another. In the place of measuring the offsets perpendicularly
to the tangents, they may be set off in the radial direction whenever the centre of the curve is visible
from the necessary portions of its circumference; but this is a case which very rarely occurs in

practice. When the curve is short and the radius large, these two methods approximate very closely
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to one another, for the difference between the offsets measured perpendicularly and those measured
radially to the tangents becomes very small.

6443.

There is another example of laying out curves by the method of angles which is worthy of

notice, though, in reality, a modification of the method mentioned above ; the same principles and
preliminary calculations are available, but the position of the points is determined by the inter-

section of two lines of direction given by two theodolites working at the same time, the intermediate

chaining being dispensed with. The diagram, Fig. 6443, will serve to render this clear. Let SPS,
be the curve, and we will take a case in which, as often happens, the springings, though not visible

to one another, can be seen from P, the middle point of t lie curve. Suppose it is required to put in

the stake p2 ; let one theodolite be set up at S, and the other at P ; by the former let the angle
I Sp2 be laid off, arid the line of direction Sp2 obtained. The line Pp2

is similarly obtained by the

latter instrument, and the point of their intersection is the position of the stake p2 . This method
has the advantage of all others in being perfectly independent of the irregularities of the ground, but
is very seldom used as it requires the services of two engineers, and one is generally considered

sufficient for the staking out of each allotted portion of a line of railway ; moreover, unless a skilful

assistant were employed capable of comprehending the method, in lieu of an ordinary chain-man, too

much time would be wasted in shifting about, before the point of intersection of the lines of direc-

tion of the two instruments could be determined. It is clear, however, that in certain cases where it

was required to obtain the position of a stake which oould not be chained to, in the ordinary manner,
it might be well worth the time of the engineer to first range the line of direction by laying off the

proper angle for that stake, and then shift his instrument to some other previously determined
point in the curve, and lay off another line of direction, their intersection giving the required point.

For instance, let it be necessary to put in the stake ps in the right-hand portion of Fig. 6443, which
comes on the bank of a river through a part of which the line goes ; suppose the instrument set up
at P and the line of direction Pj?6 ranged, then removed to the point Si and S

l ps obtained, and
the position ofp6 is determined.

Most of the formulai and calculations required for the different methods described are to be
found in text-books on the subject ; but the following general formula for the method of angles will

be found useful from its great simplicity and facility of calculation. Let a = any length of arc,

r the radius of the curve, and the required angle for that length of arc ; then =
,

r

being the angle between the chord and tangent of the arc, and thus obtained in degrees and
2865

decimals. Putting a = 100 ft., we have in round numbers = —r^- . In order to apply
radius of curve

this formula to a practical example, the following proof is adduced ;

—

In Fig. 6444, let the arc ABCbe portion of a railway curve which it is required to lay oft' by
Eankine's method; that is, by means of the angle
contained between its chord and tangent. Let A I =
the tangent we use in this case, and AC = chord of

arc ; a = length of arc ABC, R = radius of curve,

and = angle required. We have the following pro-

ttR

6444.

portion ;
0° : 45° : : a ir = ratio of circle to dia-

meter = 3*1416, from which we obtain

ÏÊ = S x 28 ' 648-

This equation gives the value of in degrees and decimals for any length of arc, thus being of
service in the finding of the angle for what is known as the odd distances.

Supposing to be known, as it always is for the whole curve, by transposing the equation we
0X R

find the following value for the length of the arc ; a =
2S-64S'

bearing in mind that in both these



2710 KAILWAY ENGINEEKING.

64-15.

equations a and K must be in the same terms. By means of these two equations we obtain very

important data for laying out curves by this method, without requiring the use of tables of

logarithms or natural sines, very valuable, but, to say the least, very troublesome aids to calculation

in°the field. If in the formula we put a = 1 chain, and multiply the right-hand side of the

1719
equation by 60, we obtain for 6 the following value in minutes and decimals ; 6 = —=5— . This

will be found a very convenient and useful formula to use in the field, when text-books and tables

of logarithms are not always at hand.

Setting Out the Side Widths.—An ordinary method of setting out the side widths on the ground is

by a tentative process of combined levelling and calculation, which is nothing better thau a mere

rule of thumb. A table should be made out from the cross-sections of the line, which are taken as

often as the character of the ground requires, and the distances set out at right angles to the centre

lines. When the land is level, the side widths are readily obtained by adding to the height of the

cutting or embankment, multiplied by the ratio of the slopes, a constant, which depends on the

width of the formation level and the description of fence put up. "When the land is sloping trans-

versely to the direction of the line, the side widths must be taken from the cross-sections, and
measured horizontally on each side of the centre. The side widths are always laid off at every

stake along the line, and where the ground is very rough, at intermediate distances also.

Setting Out Culverts.—The length of a culvert which passes under an embankment is less than the

distance between the bottom of the opposite side slopes, and may be thus found. Put L for the length

of the culvert in feet, H for its height in feet, H
x
for the height of the embankment, B for the breadth

of the embankment at top, and R for the ratio of the slopes; then L = (B + 2RH,) — 2 R H.
When the natural surface of the ground is horizontal, the length of any structure passing under an

embankment will lie half on each side of the centre line. When the natural surface is inclined,

the ends of the structure will be at different dis-

tances from the centre line, according to the slopes

of the ground. This is seen in Figs. 6145, 6146,

the first of which represents the section, and the

second the plan, of an embankment. The lines

S 8 and O O, representing the ends of a culvert

passing beneath the embankment, are seen to be

at different distances from the centre line. The
position of the points S and O may be found by
first getting from the tables of side widths the

points A and D, and measuring in from these

points the distances A S and D O, depending upon
the slopes A B and A D. In the case of the upper
end, the distance of S S from A will be less than
if the natural surface was level ; at the lower end,

the distance from D to O will be greater. Having
found the distances of S S and O O from the centre

line, we get the position and length of the wing
walls of the culvert by drawing a line from S to

any desired angle to intersect the slope A A ; and
upon the lower side of the embankment we get, in

the same manner, the lines OD, OD, the latter

being, of course, longer than the wings upon the
upper side A S, A S.

Setting Out Bridge-work.—In laying out the abutments for bridges, there are numerous cases to be
considered ; as, whether the bridge is on the square or on the skew, upon a level or a gradient, upon
a curve or a straight line, and whether the natural surface is horizontal or inclined. The position

and form of abutments and wing walls depend so much upon the various conditions affecting each
particular case, that any attempt to lay down general rules for such work would be of little use.

In a curving viaduct consisting of a series of arches which exert a thrust upon the masonry, the
piers should be made radial to the centre line of the curve, and the springing lines should be made
parallel to the axes of the arches.

Calculation of Acreage.—The acreages tobe caxculated are always small, seldom exceeding a couple
of acres, excepting in the case of considerable demolition of property. It will be found that the
calculations can be made in feet as readily as if the divisions on the scale represented links. But
should it be preferred to calculate in links, the operation can be effected by having a corresponding
scale made to measure with. Thus, if the plan is plotted to a scale of 200 ft. to 1 in., a scale divided
with yo*303 divisions to the inch will enable the measurements in links to be taken off. When all

the measurements are made in feet, the advantages of the 100-ft. chain are so evident as to com-
pletely outweigh any slight convenience which may result from having the plan plotted to links.

The acreage is usually taken out in statute measure, and is so marked on the plan and sometimes
in plantation measure also.

Setting Out Tunnels.—The maintaining of a correct centre line for a tunnel is a very important
operation, and one requiring the greatest care. The fixing of the line at the bottom of shafts
demands every precaution, owing to the short distance between the only points that can be trans-
ferred from the surface to the bottom. The centre line of the road is first run over the ground to
be tunnelled, fixing exactly the position of the shafts. To transfer this line from the surface to the
bottom when the ¡bafts are completed, let two posts be sunk into the ground a few feet apart, one
being on each side of the centre line, at a short distance from the opening, so as to be undisturbed
bj l be progress of the work. Upon the opposite side of the shaft let two more posts be fixed in the
same manner. I'lace a stout cross-bar in a horizontal position upon each pair of posts, and upon the

644Ü.
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side of each bar fasten a stiff piece of metal, which shall have a V-shaped notch cut in it. The two
notches being so adjusted that the bottoms of the V's shall be exactly upon the centre line of the

tunnel, pass a steel wire through them, and stretch it tight by weights hung from the ends. Next,

suspend within the shaft, as far apart along the line of the road as the opening will allow, two
heavy plumbs, carefully turned, and attached to strong wires long enough to reach to the bottom,

ihe upper ends being so arranged that the plumb-lines may be moved into exact contact with tho

horizontal wire stretched between the notches.

At the bottom of the shaft place two stiff and well-seasoned bars of wood across the tunnel, at a
distance apart of 50 or 60 ft., and 3 or 4 ft. above the ground, adjusted at the ends into metal
fixtures let into the side walls, so that the bars may be removed and accurately replaced at pleasure.

Let a metal slide with a V-shaped notch be attached to each of the bars, with a clamp for fixing

it to the same when in the proper position. Stretch a fine wire across these two lower notches, and
move the slides until they come correctly into the direction of the plumb-lines, and fasten them.
The two lower notches will then be upon the centre line of the road, which may be produced in

either direction by means of a transit and illuminated rods, such as mining engineers use.

When the line has been fixed, the cross-bars may be removed for safe keeping until again required.

Another method of adjusting the upper ends of the plumb-lines is shown in

Tig. 6447, where AA is one of the cross-sills at the edge of the shaft, B B an
iron plate fastened to the sill, and C a thin piece of metal may be moved side-

ways, in order to bring a V notch in its upper edge into the centre line. The
notch being correctly fixed, the plumb-line E may be passed through it, and
the direction at the foot of the shaft obtained as before. The plumbs should
be suspended in a vessel of water, in order to check the vibrations ; and every
care should be taken to keep the wires from being jarred during the operation.

"When the tunnel is upon a curve the line may be laid off from a tangent
established as above. Levels may be transferred from the top to the bottom
of the shaft by a series of wires, fastened together like a surveyor's chain,

the links being 8 or 10 ft. long, the whole length having been correctly

ascertained.

Surveying and Levelling the Line.—The surveys and levels required for preparing the contract

plans for a line of railway, do not differ in any material point from those necessary for other purposes.

The method of executing them is described in Surveying and Levelling. The peculiarity of the

survey for a railway is with the length. If the survey be made after the staking out of the line,

the surveyor has the advantage of possessing an accurately-measured base line, and his operations

are confined to connecting his triangles, which are seldom of any magnitude, with this base line. A
distance of about 400 ft. on each side of the centre line will be found sufficient for the lateral extent

of the survey. Particular attention should be paid to all boundaries, both public and private, and
to those points at which the railway crosses under or over a road, river, or another line.

Cuttings and Embankments.—The earthworks of a railway comprise the cuttings from which
earth has been excavated, and the embankments which have been formed by raising material on
the natural surface. So far as is possible the engineer endeavours to place his cuttings and
embankments so that the soil excavated from the one shall be used up, and shall be sufficient for

the other ; in which case the labour expended on the earthworks is applied in redistributing the
material along the line. If the volume of the embankment is in excess, it becomes necessary to

seek materials in side cuttings, or, if the cuttings are in excess, to form spoil banks, both of which
being useless for purposes of the railway, involve a waste of labour, and sometimes of land. The
cuttings and embankments must also, as far as possible, be so alternated that the earth from the

former can be deposited in the latter without necessitating its transport to excessive distances.

Yet again, in effecting the distribution of the earth derived from the cuttings to the embankments,
the engineer must endeavour to render the labour of transport a minimum, both by depositing the
earth from the cutting on the nearest accessible portion of embankment, and by avoiding the
crossing of the routes by which the earth is led to the bank.

To secure the permanent stability of the superstructure, the earthworks must be carefully

considered with reference to materials, form, and drainage. They should be of stable material, of

liberal width, of easy slopes, and ample drainage.

The width required for a railway consists of the width of gauge, the widths of the rail-heads,

and the side spaces. For a double line of way, also the middle space, or 6 ft.

The width outside the rails, or width of side spaces, is usually 4 to 5 ft., and that of the middle
space between two line3 of way, 5 ft. 6 in. to 6 ft. 6 in.

Hence for the whole width necessary for a railway, we get ;

—

Single Line of Way.

Gauge
Two rail-heads

Two side spaces

Width of ballast

European Narrow-
gauge.

From

ft. in.

5

7 1^

To

ft. in.

4 8*
5

9 10i

12 3 15

Indian.

ft. in.

5 6
5

8

Double Line of Wat.

13 11

Two widths of gauge

,

Four rail-heads .

.

Middle space
Two side spaces ..

Width of ballast

European Narrow-
gauge.

From To

Indian.

ft. in. ft. in.

9 5 9 5
10 10

5 6 6 6
7 3 10 3

ft. in.

11

10

6
8

23 27 25 10
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€443.

In addition to the width necessary for ballast, there is ordinarily left on each side of the ballast

a horizontal bench, which increases the total width required on earthworks by 2 or 3 ft. in cuttings,
and 4 or 5 ft. on embankments. In cuttings, a further width
is required for side drains, which may be 1 ft. or 18 in. wide
at bottom, with slope of 1 to 1.

It is advisable to form a small bench between the drain

and the tace of the cutting, to catch falling de'bris and pre-

vent its clogging the ditch. But, on the other hand, if the

cutting is a deep one and it is desirable to economize labour

in cutting or land, the width, at formation level may be
reduced by building a dwarf wall as in Fig. 6448, which
supports the ballast on one side and the toe of the slope on
the other.

Gross-section of the Line.—Composed as earthworks gene-
rally are, of comparatively impermeable materials, their

surface is altogether unsuitable for the direct support of the
permanent way. To bed the sleepers properly there must be
provided a material of great frictional stability, of consider-

able hardness and compressive strength, easily permeable by
water, and capable of resisting disintegration, either by water
or frost. For this purpose a layer of broken stone, or gravel,

is most suitable, or, if nothing better is obtainable, a layer of clean sand or burnt brick clay. The form
given to this laver of ballast varies in different circumstances. Generally, in England and France,
it is simply laid on the surface of the earthworks, which have been dressed to a convex surface to
throw off the water, and a bench is left on each side, Fig. 6449. Sometimes, on German lines, the
ballast covers the entire width of embankments at formation level, Fig. 6450. More generally on
Swiss and German lines, the ballast is economized by being laid in a trench, Fig. 6451. As ballast
is often an expensive item in the cost of construction of a line, the economy in this respect is

important. This last method of laying the line also permits some reduction of the total width of the
line at formation level. But, on the other, hand, the cross-drains require to be numerous, say about
9 to 12 ft. apart, and it is doubtful whether even in that case the irainage is quite as effectual as on
the English system.

6449.

The ballast is laid in two layers ; the lower layer, on which the stability of the superstructure

depends, should have a thickness of 9 to 12 in. for broken stone or gravel, if on a tolerably

permeabl substratum, and of 12 to 18 in. if the substratum is humid. If the ballast is sand,
a depth of 18 in. to 24 in. will be required for the lower layer. The upper layer of the ballast, or

boxing, used for packing round the sleepers should have a thickness of 6 to 9 in., and its quality is

not of quite so great importance as that of the lower layer.

The cross-section in Fig. 6451 is used in Eussia with sand ballast, and in Switzerland with
broken stone ballast. The quantity of ballast required, after deducting space occupied by sleepers,

is about 65 cub. ft, a yard for the cross-section, Fig. 6449, and 41 cub. ft. a yard for that shown in
Fig. 6451.

The older method of prosecuting cuttings was to work forwards on the whole face of the cutting,
which was profiled to the required slopes as it proceeded. This method is, however, too slow for

extensive railway cuttings, and the plan generally adopted is to run a gullet, or vertical-sided
trench, through the cutting by working at the face, and then to work sideways from the gullet,
widening the trench in successive benches. The benches are about 8 ft. apart vertically.

Embankments are executed in two ways, either by spreading over the whole area of the
embankment successive horizontal layers, or by raising the embankment at once to the required
height at one end, and carrying it forwards by tipping material over the advancing extremity.
When constructed in thin horizontal layers the material is consolidated as the work proceeds,
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by the passage of the barrows or carts, and also by atmospheric agencies. A much more complete
consolidation of the material is secured than by the other method, and hence, this mode of con-

struction is invariably adopted for reservoir embankments. This method, however, is too slow
and too costly to be generally used on railways, except for filling in behind retaining walla and
abutments.

When an embankment is carried forward from one end, the earth may be tipped directly over
the end so as to fall in a series of thin layers all inclined at the angle of repose ; or a bridge of

discharge may be formed at the end of the embankment from which the earth wagons deposit the
soil, and which is carried forward from time to time as the successive layers reach the height of the
embankment. By this latter method greater solidity in the bank is secured, and the ultimate settle-

ment is less. But it is only economically applicable to very large embankments, and is less often

used than the simpler method. Occasionally embankments have been raised to only half their full

height at first, and when this portion has settled, a second portion l.as been carried forwards over

the first, completing the bank.
Ou sidelong ground, the seat of an embankment requires to be carefully cut in steps, or

benches, that the soil of the bank may be bonded into that on which it rests, and that water may
not percolate between the old surface and the earthwork raised on it, Fig. 6452. The destruction of

6452.

several embankments has been due to neglect of this precaution. For the same reason, the turf and
vegetable débris should be carefully removed from the seat of the embankment, before its construc-

tion is commenced.
During the construction of the bank the settlement should be carefully studied, and in order to

prevent the serious evil of having to patch the slopes, the height and width of the bank should be
made rather greater than will ultimately be required, so that the surfaces may be trimmed down to

their proper dimensions, after a great part of the settlement has already been accomplished. The
amount of settlement varies in different cases, from -i te ¿ of the total height. The ultimate

settlement of embankments of gravel or chalk does not require more than two or three years, but
clay embankments may, in some cases, continue to shrink for ten years.

It has already been pointed out that when the seat of a bank is compressible, or of feeble

stability, the bank constructed upon it will not stand at its natural angle of slope, however good
the materials of which it is composed. "When an engineer has to carry an embankment over marshy
ground his first object must be to consolidate the foundation of hi3 bank, as much as possible, by
drainage. For that purpose large open drains, parallel to the axis of the line, may be first exca-

vated. Sometimes he may be able to remove the compressible foundation and replace it by better

materials. At others, he may consolidate it by fascines, or by piles. Sometimes he may use for his

embankment very light materials, as, for instance, was done at Chat Moss, where, after first covering

the yielding surface with hurdles, the bank was formed of dry peat. Again, large open pits may by
formed and filled with compact clay.

Fig. 6453 shows one of many embankments on marshy ground on the 3 it. 6 in. gauge railways

6453.

of Norway. In this case the subsoil has first been dried by large side drains, then on the seal of

the bank fir-tree trunks have been spread lengthwise and crosswise, and over them the smaller
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branches of the fir trees. Finally, the embankment has been carried forward over the consolidated

foundation thus prepared.

Near important works of construction the earthworks should be made with great care, and of the

best and most permeable materials. The backs of arches should be well punned with earth, before

earth is tipped over them.

When a cutting exceeds 40 ft. in depth, it is advisable to form a bench 6 ft. in width at about
two-thirds the height. This receives the surface water from the higher lands, which may be con-

veyed to the side drains at the bottom of the slopes by earthen pipes, wooden trunks, or stone drains,

Fig. 6458.

To permit the flow of surface water the formation level should be dressed in slopes of 1 in 35,

from the centre line towards the sides. If this is not done the top of the bank is apt to become
concave, and to retain the rainfall in the ballast.

Fig. 6452 shows an embankment on sidelong ground, constructed of earth, of doubtful stability,

the toe of which is formed of loose broken stone as a security against slipping.

Cuttings are sometimes 100 ft. deep, and embankments rise occasionally to an almost equal

elevation. The Tring cutting of the London and Birmingham Kailway averages 40, and is at parts

60 ft. deep. The New Cross cutting of the South-Eastern Railway is, at parts, 75 and 80 ft. deep
;

the Wynchborough cutting on the Edinburgh and Glasgow, though solid rock, varies from 25 to

60 ft. in depth, and is 4 miles in length. It is succeeded by an embankment 1¿ mile long and 60 ft.

high. The Olive Mount cutting of the Liverpool and Manchester Kailway is 2 miles long and at

parts' 100ft. deep; and on the Newcastle and Carlisle there is a cutting 110 ft. in depth ; but when
the depth exceeds 60 ft. it is generally more economical to tunnel.

Drainage of Cuttings.—In all cases it is desi-

rable to establish at the top of the slope of a
cutting, on the side towards which the surface

waters flow, a drain with an alternate rise and
fall of about 1 in 100, communicating at its

lowest points, by means of open drains, or earthen

pipes, with the side drains at the bottom of the

cutting, Fig. 6454; and care must be taken to

prevent, by puddling or otherwise, the infiltra-

tion of the water from the drain at the top of

the slope, into the soil forming the side of the

cutting.

Figs. 6455, 6456, show another method of

6-J54.

6455.

6456.effecting the protection of the slopes from the flow of surface

water. A water-course is formed at the top of the slopes, and
from this open drains, formed of planks bedded in hydraulic
mortar, conduct the surface waters to the side drains at the foot

of the slopes. The wooden trunks are simply nailed together
in 6-ft. lengths, and the bed of mortar is about 3 in. thick. The
ditch at the bottom of the slope is roughly pitched with dry
stune.

When a cutting is opened through clay or other soil liable to become slippery when wet, it is

especially necessary to protect the surface of the slopes from cracking under the drying influence of
the sun and wind, and then receiving through the sun-cracks surface water, which destroys their

stability. For this purpose they must be covered with a coating more permeable and more stable

than themselves, and suitable for vegetation. This coating may be 10 or 12 in. thick, and in order
that it may be bonded into the slopes, they should be cut in benches of about 6 in. deep, with an
ine] ination longitudinally of about 1 in 7. The coating should be spread in layers and well
rammed, Figs. 6457, 6458.

The foot of the slope wetted by the waters of the side drains should, in this case, be protected by
dry «tone pitching, or with a brick drain, Fig. 6459.

Die worst cases with which the engineer has to deal are those in which the cutting intersects

strata alternately permeable and impermeable; where, for instance, a permeable layer is found
between »trata of clay; and the danger in this case is increased if on either side the strata dip
towards the cutting. In such a case there may be at times a considerable flow of water from the
permeable stratum, which if not drained off may destroy the stability of the mass. Or there may be
land springs at various points, which if undetected when the cutting is in course of construction,
can only be discovered with great difficulty afterwards, and remain a permanent but hidden source
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of danger. The engineer must therefore watch carefully during the excavation for evidences of

permeable or water-bearing strata or springs ; it will be of service to take note of the appearance of

6457.

6458.

6-159.

6459

^Irnpam&abü>>

Stratum/.

the soil at sunrise, or even to sprinkle dry sand over strata suspected of containing springs, the more
readily to detect the humidity. Further, when once springs have been detected in any well-marked
stratum, it may be concluded that similar springs may, in wet seasons, be found wherever that
stratum is found. In those cases the object to be attained is to drain off as rapidly as possible the
waters of the permeable stratum, and prevent their flowing over the surface of the slopes or filtering

into the less permeable and more slippery strata. When such a stratum has been discovered a
longitudinal drain must be formed, Fig. 6458, along its line of outcrop, with rise and fall alternately

of 1 in 100. The bottom of the drain may be formed of bricks or stones set in cement, the drain

may then be filled with broken stone or clean gravel, and covered with reversed turf, flags, or tiles,

to prevent the penetration of soil. A foot in width at the bottom of the drain will generally suffice,

the sides rising with a batter of 1 in 7. The low points of this longitudinal drain must be connected
by transverse drains, Fig. 6459, with the side drains at the foot of the slopes. The slope may then
be protected by a coating of permeable soil, as already described. Sometimes it is desirable to drain

the whole surface of a slippery slope with small drain-pipes carried horizontally at distances of about
15 ft. apart, with alternate rise and lall, and connected at their low points with pipes running down
the slope to the side drains.

The drain-pipes should be buried to a moderate depth, and the open cuttings in which they are
laid may be filled with broken stone and covered with earth.

Drainage of Embankments.—To secure the permanent stability of embankments similar pre-

cautions must be taken to prevent the percolation of water, as in the case of cuttings. At the foot of

the slope on the higher side towards which the surface waters flow, a water-eourse or drain should
be constructed, to convey the water away from the seat of the bank, Figs. 6460, 6461. In the con-
struction of embankments the engineer will reject, if necessary, soil of bad quality obtained from
cuttings, and supply its place by more stable material obtained by side cutting. Sometimes, in

spite of precautions, the embankments slip during or after construction. Such slips may arise either

from the deficient stability of the foundation on which the embankment is placed, or from the use
of defective material in the construction of the bank, or from the flow of water over the talus. The
precautions to be taken on marshy unstable ground have already been mentioned. If, in spite of

precautions, an embankment slips during construction, the whole of the slipped earth must be
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removed and the bank again filled up with the same or better materials, carefully rammed in

horizontal layers.

6460.

6461.

64C2Fi°[. 6462 is a section of part of the

embankment of Pourtieres repaired

after a slip. The materials of the slip

were first removed and then relaid in

horizontal layers. But in doing so

drains were formed of fascines filled

with gravel, to dry the materials of the

bank. Similar drains were formed in

the part of the bank which had not

given way, to prevent a repetition of

the disaster. At the embankment of

Morcerf it was found necessary to construct a longitudinal filter, or drain, of broken stone, sur-

rounded by matting, to prevent the penetration of earth. In some parts of the embankment two
of these drains were formed, communicating with each other. The slipped part of the bank was
attached by successive cuttings, carried at right angles to the line as far as the position of the
original foot of the slope ; then a trench was opened parallel to the line of way, in which drain-pipes

were placed, covered by a filter of broken stone, enclosed in matting. Finally, there was con-

structed at the foot of the slope a cavalier of good soil, built up in horizontal layers, well rammed,
Fig. 6461. When it is impossible to remove the slipped portion of a bank which has given way,
a new bank must be formed over the slipped portion of sand or gravel, and especial care must be
taken that its drainage is complete, and maintained in working order. If the drains should be
injured by subsequent settlement, new drains should be at once formed.

If embankments are liable to be washed by inundation waters or otherwise, it will be of the
utmost importance to construct them of materials the stability of which is little changed by
humidity. Further, they should be carefully turfed, and for some distance above and below the

level which the waters are likely to attain they should be protected from erosion by a pitching of

stone. Usually the best protection from atmospheric degradation of the slopes of cuttings and
embankments, is afforded by covering them with a layer of vegetable earth, to a depth of 6 or 8 in.,

and sowing them with grass, clover, or lucerne. When the slope is wanting in stability, couch-

grass has sometimes been employed, the advantage being that its roots penetrate to a depth of

2 or 3 ft. On friable soils of chalk or sand, and especially on steep declivities, neither the sowing
of herbaceous plants nor turfing succeeds, because of the surface. Then recourse must be had to

the sowing or planting out of ligneous plants, the roots of which penetrate more deeply, such plants

being chosen as are found to thrive on mountains. Of these, those principally employed on the
Continent are the juniper, berberry, sea buckthorn, saintfoin and lucerne, acacia, ash, willow, birch,

and maple. The conifers are prejudicial, from the blowing of their leaves upon the rails, causing
slipping of the wheels of the locomotives.

Calculating Contents of Cuttings and Embankments.—Under the article Embankments will be found
several methods for effecting these calculations. There are numerous tables for facilitating them, by
Bidder, Macneil, Bashforth, Barlow, and other engineers. Putting H and Hj for the two heights
of the cutting, R, for the ratio of the slopes, and L for the length, we have by the prismoidal

formula for C the contents in cubic feet, C = L i
B (H + Hi) + 5| (H2 + -r* + HW , As

C is usually required in cubic yards, and L in feet, we have

C
l 54 ^ 81

(ff + HjHHH,)}.

There are two approximate methods of ascertaining the contents of a prismoidal block. The
first is the method of mean heights, by taking it as if the section in the middle were the average
section

; and the second, or method of mean areas, by taking half the sum of the end areas to be the
average section. The errors belonging to each of these methods are seen at once, by comparing the
content as given i_,y it with the true quantity. The method of mean heights gives a content of

H'
. (K + HV¿ '

ì .H +
<}•
B >, and an error

content j
H+H^ (HH H'2) R

}

0f(-^5Z) L. The method of mean areas gives

and an error of ( +
(H - H')2

So that one
2 2 ~) "

\
'

6
method gives an error in excess, the other an error on the other side, and one error is double the
amount of the other.
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There is another way of expressing the true content, it is ;—to the sum of the end areas add four
times the middle area, and multiply the sum by one-sixth of the length. In cuttings it will con-
stantly occur that the contents are not all rock or all clay, but will be partly rock and partly clay.
In this case the rock can be taken out as above, and the clay taken out in blocks the same way as
before, with this exception, that each block will have a different base. The base of each block of
clay cutting must be taken as a mean of the bases at each end, or, what is the same thing, a mean
of the widths of the top of the rock cutting at those points. This method of getting the quantity
of the clay is not strictly accurate ; the true content of a block of this kind is given by this formula,

Q = L
^

B (2H + H ) + B (2H + H_) + | (H/2 + H H^ (
where B is the base of the day at

the end at which H is the height, and B' the base, and H' the height at the other.
S~Ú T5'\ /TT "H"}

The error introduced by the approximative method is + v
L. It is to be

remarked that this error is to some extent compensating, sometimes being in excess and sometimes
the other way. The approximative method gives too much, if at the same time B > B' and
H > H', and too little if B > B' and H < H'.

Cases will occur when none of the rules above given apply, namely, when the ground is so
uneven as to require cross-sections. The best thing to be done in this case is lo take the mean of
the two areas of the two cross-sections and multiply it by the lengtn between them, and reduce
to yards.

In those instances in which heavy cuttings occur without any corresponding embankments in
which to dispose of the material, it will be found economical to employ dwarf walls. There will be
a particular height of cutting at which the cost of the walls is equivalent to the cost of the excava-
tion avoided, which may be thus found. Let H be the height of the cutting, B the base of the cut-

ting, K the ratio of the slopes, H
x
the height of the walls, B

x
the width between the walls, P the

price a cube yard of excavation, and Pj the price a yard run of the dwarf wall. Then we have

(H - HJ 2 R 1^4- R HY2 + H (B-B^ =
1

^-1 ; from which we deduceH = pvl^'g" f b - B V
When the height of the excavation exceeds H, it is more economical to introduce dwarf walls.

These are usually built plumb on the back and face. When they are about a certain height, they
are battered on the face, and then become retaining walls in the strict sense of the term. On the

above calculation the walls are supposed to be perpendicular on the face, and if they should be
battered, the difference with respect to the excavation is too trifling to deserve notice. Whenever
the material of the cutting is clay, and has to be run to spoil, the walls should always be substituted

bo soon as the limiting height of excavation is reached.
Borings, and Soiling Slopes.—At certain distances along the line borings should always be made

to ascertain what amount of rock may be fairly expected, and the section should show a line or

demarcation between the earth and the rock. Borings require to be made very carefully, as the
ground is* exceedingly deceptive, and any subsequent rectification is a fruitful source of dispute

between companies and contractors.

It frequently happens during the progress of the works of a line of railway in which the cuttings

and embankments are of considerable magnitude, that due precaution is not taken to reserve in

their vicinity a sufficient amount of material for soiling or top-dressing the slopes, and the conse-

quence is, that either they are not covered with the proper quantity, or the contractor is obliged to

bring the soil from some distance along the line, or 6(63
procure it elsewhere at more than the ordinary expense. r¡

The quantity requisite for the different cuttings and /î\
embankments depends principally on the depths and s^ \ >v
heights, and varies also as the ground is more or less yr >v

sidelong. The simplest case which can occur is when yS hi ^\
the height is constant for a given length of the longi- y^
tudinal section of the line, ami when the cross-sections

also for that distance are level. This is shown in Fig.

6463, which represents one of the slopes of either a

cutting or embankment, the other being supposed to

be precisely similar. As the soil is always of a uni-

form depth, its quantity is taken out in superficial

yards. In Fig. 6463 let A B or C D = L = the length

on the longitudinal section, let A = the height constant

for the length L, and let S be the number of superficial yards of soil required for both slopes,

„ 2 area of AB CD A1_ ^
all other dimensions being in feet ; then S = but, from the figure, area of

2 A C v TABCD = ACxL, and S = . AC is the length of the slope, and is unknown, but

supposing b to be constant, as it always is in practice, AC depends on A. Now by construction

A C2 = A2 + 62, and substituting for b its value R X A, R being ratio of slope,

A C2 = A2 + R2 A2 = A2
(1 + R2

) andACnA V(l 4- R2
).

Putting this value of A C in the equation for S, we obtain S = -
. R is almost

universally =
f-
and V(l 4- R 2

) = -¡¡— , which gives us by substitution in the above equation
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g _ 2h * L x . Multiplying out and reducing we obtain S = A x L x 01, which is a

general formula applicable to any height and distance. If we make L = 1 chain = 100 ft., the

formula becomes very simple, for S = 40 A ; if L = the statute chain = 66 ft., S = 26 4 A.

Another case which is more frequently met with, and

the solution of which is of greater practical utility, is 6464.

when the heights at the two ends of the given length of

the longitudinal section are unequal, as is represented in

Fi«-. 6464; A and A' are the two heights, and the re-

mainder of the notation is the same as that employed A¡
above.

2 area of A B O D . AT)nr.

As before S = ^ ; area of AB C D =

L x ÍA Q + BP Y From above A C = AV CHh B2
),

V 2 /

and by similar reasoning BD = A'V(1 + E2
); therefore

area ofABCD = ^ x { A V"Ö+ B2
) + ä' V~(T^ B2

) }

,

which gives us S = — {
(A + A') V (1 + B2

) } . Substituting for the expression V (1 + B2
) its

a/~Ï3
equivalent and reducing, we obtain finally S = L(A + A')x0'2; if L = 100 ft., then

S = (A + A') x 20 ; if L = 86 ft., then S = (A + A
1

) 13-2.

It is evident that by making A = A', the first three equations became identical with the last

three, but a separate proof and demonstration is given, not only to preserve uniformity in the

different examples under investigation, but because it may serve to render the subject clearer

to many persons, especially those perusing it for the first time. These equations will be found

particularly useful to those engaged in making the estimates for contract work of a line of railway,

as the ground may generally be considered level between any two ordinates on the longitudinal

section, which are at the distance of one chain from one another ; unless it is exceedingly rough

and irregular, and even then any deficiency or excess in so inexpensive an item as trimming and
soiling slopes is not of much consequence.

All the foregoing formulae have been calculated on the supposition that the cross-sections of the

ground are level, or, in other words, that the quantity of soil required for one slope is the same as

that which is required for the other.

It is manifest that, in sidelong ground, this would not be the case, and in some instances, where
the difference of the heights on the two sides is great, it might be necessary to allow for it in taking

out the quantity. This might be accomplished in two ways, either by applying any of the above

equations, which suit the particular case in question, to each respective side of the cutting or

embankment, and dividing the result by 2 ; or by making use of the following formula. Let H, H',

A, A', be the four different heights, then from Fig. 6464 and the equations the number of super-

ficial yards of one slope = L (A -f A') xO'l, and of the other = L (H + H')0*1, and total number
S = L (H + H' 4- A + A') 0' 1, which can be simplified in a corresponding manner for the different

values of L = 100 or 66 ft.

In any instance in which the sidelong ground continued to slope uniformly in the same direction

across the line for a considerable distance, it might be found quite as advantageous, if not more so,

to take out each side of the line separately, and to employ the former instead of the latter method.
In the preliminary estimates of a line of railway for parliamentary purposes, trimming and soiling

slopes is so insignificant an item that it is hardly ever taken into account; but in a case where the

cuttings and embankments were excessive both in number and magnitude, and where a close and
vigorous opposition would render an equally close and accurate estimate requisite, it would be
prudent to ascertain its amount either by direct calculation, or allow a sum for it, suggested by
experience. In such calculations, it would be convenient to take out a whole rmtting or embank-
ment at one operation ; and quite sufficiently accurate to consider the cross-sections of the ground
level, and consequently the area of the two slopes equal to one another.

The following formula is general for any length L and number of heights A, Ai A, A3 . . . K,
which for simplicity's sake may be taken at equal distances ; let x = number of heights taken, then

S = (A + 2 hi + 2 A2 + 2 A3 + . . . 4- A„ ) 0'2. If L be taken an even number of hundred

feet, as it may be in such examples, and let N = number of 100-ft. lengths, and allowing one penny
a superficial yard, we obtain, by putting M for the amount in pounds,

M=
12(J- i)

<A + 2Al + 2 ^+ 2A3+ . . -
+A»).

It will be at once seen, that when the length admits of it, this substitution can be applied to all

the other formula;, and the price therefore obtained at once from the values of the lengths and
heights or depths.

Masonry, Jh-ickwork, and Tronuorh.—In those lines in which timber is not employed as a construc-
tive; material, the permanent structures are built of one of the three enumerated, or of a combination
<>i them.

#

Where stone can*be procured in the neighbourhood of a good quality, suitable for the
purpose, its use is only limited by the considerations of time, and the possibility of employing the
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arch form instead of the horizontal in bridges and viaducts. Having once determined the description

of material to be used in the building of the permanent works on the line, the next step is to consider

the structures themselves.

Bridges.—Every information on these structures will be found in article Bridges, and we shall

therefore confine ourselves to noticing a few points in them most intimately connected with our
subject. Bridges are divided into two principal classes—bridges on the square, and bridges on the
skew. See Oblique Arch. Bridges on the skew are rarely built now of masonry or brickwork.
The time consumed in cutting the stones to the proper twist and other considerations have virtually

put an end to the construction of stone skew bridges, even when the material is at hand. Skew
bridges are sometimes built with stone abutments and the arch turned in brick ; when neatly done
the structure looks very well. Unless the span is of very considerable dimensions the building of a
bridge on the square is a very simple matter, provided the foundations are good and proper super-

vision exercised over the materials and workmanship. The consideration of headway generally

leads to the adoption of iron bridges, even where stone is plentiful. In the case of over-bridges the
reduction of the heights may be of great importance as reducing the quantity of the embankment, or

shortening the length of the approach. In under-bridges it may be of still greater importance,
allowing a reduction in the height of an embankment, which should perhaps have to be made
from side cutting. Iron bridges may also be adopted for another reason, on. account of any
insecurity in the foundations that would render some slight settlement in the abutments probable.

An arch might be seriously damaged by a settlement that would in no way affect an iron super-

structure.

In designing a bridge all the parts of the drawing must be carried on together ; neither plan nor
elevation can be finished by themselves without having the sections drawn, or as vividly impressed
on the mind as if they were drawn.

The footings in over-bridges should be at least 1 ft. below formation level, to enable the water-

tables or side drains of the railway to be carried continuously through the bridge. The projection

of a footing depends on the material employed ; every front stone in a footing course should be at

least as much imbedded in the work as it is exposed, else the footings lose their value, which is to

spread the pressure ; hence the projection mentioned above may be increased, or must be diminished,

according to circumstances. If a greater width of foundation is thought necessary, it must be
gained by increasing the number of the footings, and not their width.

The height of abutment, span, and rise of arch are known quantities. The radius of the circle

r2 + s
2

of which the arch is a segment is given by the equation E = —
, where R = radius, r the

Zi i

rise, and s the semi-span of the arch. In segmental arches of moderate span, the extrados is

struck from the same centre as the intrados. The thicknesses of the arch and of the abutments
are subjects of theoretical investigations, but practically depend on previous examples. It is

possible to determine the width of an abutment that will just keep the arch in equilibrium, but
this has to be modified by a coefficient of safety, in itself very variable, so that the value of the
theoretical rule is practically lost. The haunching is usually carried up at the back in a plumb-
line with the abutment, terminating at a point 1 ft. or more, below the soffit of the crown of the
arch, and raked from that in a line tangent to the extrados, to allow water to run freely off. Steps
are sometimes introduced to lighten the haunching.

The counterforts are built at the back of the abutments, and are usually plumb at the back.

Sometimes they are raked off in a line with the haunching, and sometimes are stopped lower down.
Their object is to help the abutment to withstand the thrust of the arch. There is no use in founding
counterforts as low as the abutments when the bridge is in cutting, they should go down to a good
foundation for themselves. They may or may not have footings. The puddle is usually shown
6 in. deep, and should extend over the counterforts. Asphalte is often used instead of clay
puddle.

Iron bridges are either of cast or of wrought iron, the former being now confined to the cases ot

carrying roads over railways, where it is an object to save the height of the approaches, or for other
reasons.

Wrought-iron bridges to carry the railway over roads are of two kinds, one where the railway is

supported by under-girders, one under each rail, or by side and cross girders. The latter, if for

double line, are of two kinds, firstly, with two side girders, with at least 25 ft. 6 in. clear space
between them and carrying both roads, or a set of three girders, with a single road between
each pair.

These girders, in ordinary cases, are either lattice or plate girders, and may be in each case
either single or box girders. The names explain their nature. For rules for finding he strength
of each different part of a lattice or plate girder, see article Materials of Construction, Strength of.

On the plan of every bridge should be shown at least three views, one of the superstructure

complete, one of the bridge, or part of it, with the parapets, string-course, coping of wings, and
newel-caps removed, and a third of the foundations. In designing iron bridges the various parts

should as much as possible be duplicates of each other, so as to diminish to a minimum the number
of templets required. It must be kept in view that all structures xmsist of two items, materials and
workmanship, and it is quite possible to make the latter so expensive as to double the cost. All
bending, cranking, forging, and welding of iron should be avoided, especially when the pieces are

of large dimensions. It adds little or nothing to the contract price to bend a piece of angle iron

4 or 5 ft. in length, but when that length is increased to 15 or 16 ft. the contractor will at once
require an extra price for workmanship. As an example may be quoted the case of an ordinary
lattice bridge, in which the flanges are horizontal and all the bars in the web of the same length,
nnd a bowstring girder in which the upper flange is bent, and all the bars in the web of a different

size. The difference in the contract price of these two examples uf bridge girders will reach to 30s.

more a ton. It is not to be argued from this that bowstring girders are not to bo used, but that they
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are to be used only when the circumstances of the case justify the additional expenditure. In large

spans the bowstring girder is an economical type of railway bridge.

Tunnelling.—The greatest intensity of pressure in a buried archway occurs usually in its sides,

at the ends of the shorter diameter of the oval intrados ; and that intensity is given approximately

by the following equation.

Let x
x
be the depth of the shorter diameter below the surface of the ground, b' the half-span of

the archway, a' its rise, t the thickness of its side, w the weight of a cubic foot of the earth; then

- -., ,-, ,. , . w f x x
(b'+ t) — 0-8 a' b' } ,,.',,

the greatest pressure, in lbs. on the square foot, is q = — ; and this should
í

not exceed the resistance of the material to crushing, divided by a proper factor of safety.

It appears that in the brickwork of various existing tunnels the factor of safety is as low as

four. This is sufficient because of the steadiness of the load, but in buried archways exposed to shocks,

like those of culverts under high embankments, the factor of safety should be greater, say from
eight to ten.

How small soever the load may be, there is a certain minimum thickness for an underground
archway, for determining which the following empirical rule, exactly similar to that for finding the
depth of the keystone of an arch, has been deduced from practical examples. The rise and half-

span being denoted as before by a' and b', compute approximately the longest radius of curvature

a > 2
of the intrados by the formula r = -—-

; then least thickness t in feet = *J 0*12 r.
b 1

This is applicable where the ground is of the finest and safest kind. In soft and slippery mate-
rials the thickness ranges from one and a half to double that given by the equation ; that is to say,

from \Z0"27 r to a/ 0*48 r. The thickness of an underground arch at the crown may be made less

than at the sides in the ratio b' a' ; but the more common practice is to make it uniform.

Tunnels are driven through hills and spurs of mountains to avoid very deep cutting. At the best

they are sources of large expenditure, and should, if possible, be avoided. When tunnels are cut

through rock of a solid and durable character the roof supports itself ; but when in loose or easily

decomposed rock, or in earth, an artificial arched lining becomes necessary. Such lining is generally

made of brick, especially the arched part, on account of the greater ease of handling and laying

brick than stone in so confined a situation. Among the difficulties attendant upon the construction

of tunnels are the want of light, air, and drainage. As tunnels generally occur upon summits, or

on the approach to them, the latter requirement may be met by the introduction of a light gradient.

The lower end upon the gradient will drain itself; the upper end will require pumps ; an occasional

well being sunk as low as the contemplated road-bed, or a little lower, to collect the water. Short
tunnels may be built by working from the ends only ; but as a very limited number of hands can
be employed on so small a working face as the heading affords, when the length becomes consider-

able, shafts are sunk from the surface to formation, and from the bottom of these, headings are
run in both directions. This operation involves a large expenditure, as all draining, ventilating,

and removal of materials must be effected through the shaft.

In cutting a tunnel in rock, a small heading, 6 or 8 ft. square, is first taken out by one gang of
men, while a larger gang follows in the rear, enlarging the work to the full size, and putting in the
masonry where such is required. The rapidity with which the small opening can be worked is

the measure of the progress of the whole ; as the enlarging and lining allows the employment of
more hands than the limited dimensions of the heading can accommodate. After a tunnel has been
driven about 500 ft. artificial ventilation becomes necessary. This is accomplished by the ordinary
mining expedients, drawing off the bad air by the draught of a chimney with a fire at the bottom,
or forcing fresh air in. If the shaft is made in the bottom of a depression, in order to reduce its

length, it may be necessary to provide for the surface drainage in such a locality ; regard should
be paid, in laying out the work, to this requirement. The general practice in England has been to
multiply the number of shafts; and in some
cases, tunnels have been cut entirely through 6465 -

from the shaft headings, before the approaches
were taken out. In tunnels made through loose

material, it has frequently been the practice to
commence by running forward two small head-
ings, in which the side walls are built, before
the remainder of the section is excavated. In
other cases, the upper part of the tunnel has been
opened first, and the arch built ; the space for
the side walls being next excavated, and the
arch propped by timbers until the walls are
built up to connect with it. When the gradient
descends from a shaft, or at the end of a tunnel
where the gradient descends into the work, and
the water follows the operations in a troublesome
manner, the heading may be commenced at the
bottom of the intended section, and run along,
on a slight ascent, until it reaches the top, when
a pit may be sunk to the level of the floor, and
the heading may be started again, and the ascent
rvmimenced anew. The size and proportions of
tunnels may be illustrated best by reference to
examples. The Box Tunnel, Fig. 6465, is between Chippenham and Bath, upon the Great
Western Railway, in England. It is 3200 yds. in length, 30 ft. wide at the widest, and 24± ft.
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high above the roadway. Nearly half of it passes through the Bath oolite limestone, and the other
half through clay. It is straight, and rises from one end to the other upon a gradient of 1 in 100, or
52 "8 ft. a mile. For about three-fourths of a mile it has no lining; the remainder is finished with
side walls of the oolite and an arch of brick. There are seven shafts, having an internal diameter
of 25 ft., widened to 30 ft. where they intersect the tunnel. The deepest shaft is about 300 ft.

They are lined with brick.

The Brislington Tunnel, upon the same railway, 1100 yds. long, has nearly the same section as
the Box, and is made in a very hard rock. This short tunnel has nine shafts ; in order to hasten the
work, a driftway, 7 ft. wide and 8 ft. high, made in eight months, was run the whole length before

the enlarging was commenced. The whole work was done from the inside, on account of the heavy
cuts at the ends. The enlarging of the heading was carried on at all of the nine shafts ; but the
materials were raised up by only three, which were about 110 ft. deep and 15 ft. internal diameter.

The Woodhead Tunnel, upon the Manchester, Sheffield, and Lincolnshire Railway, near Man-
chester, is 3 miles 26 ft. long, 14 ft. 4 in. wide at the level of the rails, and 18 ft. 3 in. high,
from the rails to the under side of the arch. The sides are vertical, and there is no invert.

Tii e road is provided with a small drain, next the wall upon each side. A second tunnel, of
precisely the same dimensions, was afterwards built parallel with, it, separated by a longitu-
dinal pier, 21 ft. thick, through which are twenty-one arched openings, about 12 ft. wide, con-

necting the two. The first tunnel was made with shafts, about 10 ft. in diameter, upon one side of

the centre line, which now descends into the middle of the connecting arches. In making the
second tunnel the shafts were not used; but the side walls were first cut through, and openings
made horizontally into the line of the new tunnel, all of the material being brought by cross roads
to the finished line, and run out in cars.

The Kilsby Tunnel, upon the London and Birmingham Railway (London and North-Western),
is about 2400 yds. long, with a section of 27 X 23^ ft. It is cut through clay and sand, and occu-

pied about four years in its construction. It was intended to make the brick lining 18 in. thick,

but this was increased, for the most part, to 27 in. The whole was laid in Roman cement. During
the construction of this work an immense quicksand was encountered, out of which water was
pumped for eight months, night and day, at the rate of 1800 gallons a minute. The large shaft,

60 ft. in diameter and 132 ft. deep, was completed in a year ; its walls are perpendicular and 3 ft.

thick ; the bricks being laid in Roman cement. This immense shaft, as well as the second, which
was 30 ft. less in depth, was built from the top downwards, by excavating for small portions of the
wall at a time, from 6 to 12 ft. long and 10 ft. deep. The whole number of bricks used m this

tunnel was 36,000,000. The cost, which was estimated at 90,000?., reached the sum of 350,000?.

The Netherton Tunnel, upon a branch of the Birmingham Canal, was completed in 1858. It

is 3036 yds. in length, 27 ft. wide, and 24 ft. 4 in. high. The brickwork for the lining was gene-

rally 1 ft. 10^ in. thick in the side walls and arch, and 1 ft. 1| in. in the invert ; the thickness

being increased where the shafts join the arch, and also in some places where the ground was bad.

At several points the invert was pressed up from beneath, in some cases as much as 5 in., the

bricks remaining unbroken. In one place, where the bottom was forced up 8 in. at the centre, and
the bricks were crushed, the invert was cut out for a length of 130 ft., and rebuilt 1 ft. 10 in. thick.

This was done in short pieces—about 6 ft.—at a time, the side walls being carefully strutted. In
rebuilding a portion of this invert, 49 ft. in length, the versed sine was increased to 2 ft. 6 m.

There were seventeen shafts, 9 ft. in diameter, seven of which were left permanently open, aud
lined with brickwork 9 in. thick. This brickwork was built upon an oak curb 9x3 in., from

beneath which the earth was excavated, the curb being temporarily propped until underpinned by
the brickwork brought up from the second curb below. The greatest depth of the shafts was
344 ft., and the least 6Q ft. The average rate of progress a day of twenty-four hours, from the com-
mencement to the completion of each shaft, was 2 ft. ; but counting only the days upon which work
was actually done, 3 ft. 4 in. The material was chiefly blue marl. The size of the heading was
5 x 3 ft., the bottom being level with the top of the invert.

The Almondsbury Tunnel, near Bristol, upon the Bristol and South Wales Junction Railway,

Fig. 6466, is 1221 yds. long, 18 ft. 6 in. wide at the

widest part, 17 ft. wide at the road-bed, and 19 ft. high.

It was built for a single track ; the whole work being
done by means of the shafts, of which there were five ;

the deepest being 144, and the least 67 ft.

The Sydenham Tunnel, on the London, Chatham, and
Dover Railway, ia 2100 yds. long, and is made through

the London clay. It had seven shafts, varying from 50 to

186 ft. in depth, and 9 ft. internal diameter. Two only

of these shafts were intended to be left open permanently.

The clay in which this work was executed, through yield-

ing freely to the pick, afterwards swelled and crushed the

masonry. The shafts were made 9 ft. in diameter, but were

afterwards pressed in, so as to be hardly more than 6. The
headings were 4 x 6 ft., and were run forward at the

top, and not the bottom, of the excavation. The original

section is shown in Fig. 6467. But the swelling of the

clay so forced in the masonry that 6780 cub. yds. of the

side wall and 2065 yds. of the invert had to be rebuilt. At the foot of one of the shafts, 120 ft. deep,

which was the worst place, the tunnel was at first lined with eight rings of bricks, making a thick-

ness of 36 in. This was cut out and replaced, first by ten, and again by twelve rings of brickwork,

or 4 ft. 6 in. of thickness ; and even some of the last had to be replaced.

The shafts had at first a lining of brick 9 in. thick ; but this was so pressed in, and the diameter
8 L

6166.
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6467.

so reduced, as to require a new lining 18 in. in thickness. This action of the clay begins very soon
after the excavation is made ; if it is not noticed within two months, it is no longer feared. The
action at the top of the arch is slight, the principal

effect being on the invert, which rises first at the
centre and afterwards at the sides. The dotted line

in the figure shows the altered shape of the original

section. The form was afterwards changed ; the first

step being to lower the invert, which showed such a
tendency to rise, and the next to lower the arch and
flatten it at the top, until finally the section of the
tunnel was almost a circle, the thickness of the lining

above the road-bed being 4 ft. 6 in., and that of the

invert 3 ft. Preference was given in this work to

lime-mortar over cement, as it hardens more slowly,

and receives the first pressure gradually, by which
the bricks do not break so readily.

The Bletchingly and Saltwood tunnels are be-
tween London and Dover, upon the South-Eastern
Railway. The Bletchingly is 24 ft. wide, and 21 ft.

from the top of the rail to the under side of the crown
of the arch ; the versed sine of the invert being 3 ft.,

and the form as in Fig. 6468. The length is 3972 ft.
;

the tunnel being inclined at the rate of 3 ft. in a
mile. The material through which it is cut is blue

6468. 6469.

from
The

6470.

clay. The thickness of the lining varies
1 ft. 10J in. to 3 ft., according to the ground,
time occupied in the construction was 626 days.

The Hauenstein Tunnel, between Basle and
Olten, upon the Central Swiss Railroad, is 2729 yds.
long, of which 1970 yds. were cut from one end.
This work passes through limestone, sandstone, and
shale. It is made for a double track, being 26 ft.

wide, 20 ft. high above the rails, and of the form
shown in Fig. 6469. In some places it has an invert
and at others none. The line is straight and the
gradient uniform, rising 1 in 38, or 139 ft. in a mile.
The masonry is limestone, no bricks being used.
The heading was about 10 ft. square, and run for-
wards at the bottom ; but on account of the water
that followed the descending gradient, it was not
kept parallel with the intended road-bed, but was run
from the bottom up towards the roof, within the limits of the section. From the heading enlarge-
ments were made at different places, to get additional working faces,

I he Mont Cenis Tunnel, which was completed in the summer of 1871, is, without doubt, the

^g
°'?^A

0rk
m 0f this kintl ever undertaken. It is 7 miles 1044 yds. long, and of the section

lß
i\ *L

grade rises at the rate of n7* 22 ft - a mile, or 444-90 ft. in all, from the French
end to the centre

; and falls, for the purpose of drainage, at the rate of 2-64 ft. a mile, or 10-04 ft.m ail, irom the centre to the Italian end ; thus making the southern portal 435 ft. higher than the
lortnern. l ho tunnel is lined with masonry throughout, but with no invert, a covered drain
Deing made in the centre. The side walls are of stone, laid in regular courses, and the arch uponine Italian side m brick. Eecesses. large enough for several men, are made at frequent intervals,

Sf-K 7o
r
V7Ì y(

?
S

-
a t001 Cûamber. 10 or 12 ft. square, is provided. The side and arch masonry

is. aoout ¿ it. thick, though varying at different points. The tunnel has no shafts, being at the
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deepest more than a mile beneath the summit. The drilling at this great work was done by
machinery, the tools being arranged upon a carriage, and driven by a most ingenious application of
compressed air, which, after furnishing the required power, escaped, and served to ventilate the
heading. The progress of the tunnel was such as to give a total advance of 30,068 ft. in twelve
years, or 2506 ft. in a year, or 209 ft. a month, or 104-5 ft. a month at each working face.

Fig. 6471, which is a section of the Spruce Creek Tunnel, on the Pennsylvania Eailroad, shows
how little room there is to spare when two trains occupy the metals ; the width in this case is 23 ft.

at the widest part, the gauge 4 ft. 9 in., and the width between rails 6 ft. The Alleghany,
Gallitzin Tunnel, upon the same road, has a width of 24 ft.

or

6471. 64Î3.

^y
6472.

The Hoosac Tunnel in process of con-

struction (1873) beneath the mountain of

the same name in "Western Massachusetts,
is 25,031 ft., or 4| miles long. It is to

be of the form and dimensions shown in

Figs. 6472 to 6474, Fig. 6472 representing

the section in the solid rock where a lining

is not required. The right-hand half of

Fig. 6473 shows a half section of the tunnel
arched ; the left-hand half of the same
figure shows a half section with the lining

and with a preliminary timber support to

the roof, to protect the workmen until the
brick arch is completed. Fig. 6474 is a
section of the lining where an invert is required. The gradient rises at the rate of 26-^, ft.

a mile from each end to the centre. Shaft No. 1 is 1498 ft. from the western end, and has a
section of 6 x 6, and a depth of 215 ft. Shaft No. 2 is 2183 ft. from the western end, and has
a section of 13 x 6, and a depth of 277 ft. These shafts were sunk for the purpose of drainage,
before the heading had been driven through from the west end. The west shaft, 2447 ft. from the
western end, is 14 x 8 ft., and 318 ft. deep, and is the working shaft where the material excavated
eastward was hoisted. The central shaft, about midway between the ends of the tunnel, is elliptical

in section, 27 ft. in diameter along the line of the road, 15 ft. in diameter across the road, and
1030 ft. deep. The Hoosac Mountain, on the line of the tunnel, rises to a height of 2500 ft. above
the sea, and about 1800 ft. above the road. There is a double summit, and the central shaft is

placed in the intermediate depression.

The general character of the rock at the eastern end and at the central shaft is mica slate with
quartz ; and at the west shaft a hard quartzite. The first 2000 ft. at the western end, being through
a rapidly decomposing material, required to be arched with brick. The headings have been driven,
and much of the enlarging done, by the machine known as the Burleigh Uock Drill. These drills

are in each heading mounted upon two carriages, standing side by side, with a space of about 6 ft.

S L 2
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between them. Each carriage supports five drills ; but seldom more than four, eight in all, are in

motion at one time. They make from 180 to 260 strokes a minute, with a pressure of 60 lbs,

an inch.

When a blast is to be fired, these carriages are run back out of the way. The power for work-
ing the drills, compressed air, is the same as that used at the Mont Cenis Tunnel.

At the eastern end of the work a dam across the Deerfield Kiver gives a head of 21 ft., which
works four turbine-wheels, each wheel working four air-cylinders. The air, compressed to a

tension of about 65 lbs. an inch, is conveyed into the tunnel through two 8-in. cast-iron pipes
;

and experience shows that it loses little or nothing of its force in the transit.

When the gauge at the compressors shows 65 lbs., that at the heading shows 63 lbs. At the

eastern end the excavation of the heading is effected by ordinary cannon powder, and the

enlarging by nitro-glycerine. At the western end, where the rock is very much harder, nitro-

glycerine is almost wholly used ; and the central shaft has been sunk altogether with the same
material. About 6000 lbs. of this new explosive, and 250 kegs, of 25 lbs. each, of powder, are used

every month. The explosion is effected wholly by electricity, every charge in a blast, sometimes

as many as thirty, being discharged simultaneously.

The underground work is carried on in three shifts daily, eight hours being a day's work ; thus

the tunnelling goes on unceasingly through the twenty-four hours, Sunday only excepted.

The preceding sections are all drawn to the same scale, and thus show the correct relative size

of the various tunnels referred to.

The most modern system of tunnelling is that employed on the London Metropolitan Under-
ground Railways. Fig. 6475 is a cross-section of the general type of tunnel adopted. The dimen-
sions vary a little in some parts, but, as a rule, are as follows. The span in the clear of the arch

is 28 ft. 6 in. The thickness of the arch, 2 ft. 5 in., or equal to six rings, and backed by concrete

spandrils. The height from the level of the rails to the crown of the arch is usually 16 ft. 6 in.,

but on some parts of the line it is increased to 18 ft. 9 in. Every portion of the length of the

tunnel is provided with a drain, which is carried underground in the centre between the two lines

of rails ; and every area and pocket and basin, or funnel-shaped collector of land and surface water
at the back of the walls or over the asphalte covering of the tunnel, has its down-pipe, and its

connection carefully made.

6475.

6476.

Culverts.—The simplest form for a culvert carrying a small stream beneath an embankment is

shown Fig. 6476. It consists of two side walls and a covering of flags, and forms a very economical
structure, when flat stones can be readily procured. Care should be taken that the water-way of all

culverts is in excess of their actual requirements, and no water should ever be allowed to find its

way behind or underneath the masonry. The following dimensions given in Table III. will serve
as good approximate guides for general use. Under high embankments the depth of the flag may
be increased at the centre of the length of the culvert, when the weight is a maximum. A face
wall may do built to a culvert when appearance is an object, as in Fig. 6477, and for larger streams
wing walls, Fig. 6478, are usually built. A cross-section would have the appearance represented in

6477.

c J

1

6478. 6479.

Fig. 6479. Culverts are classed according to their different spans, and when small in size are usually
called drains. A common practice with the English Drainage Commissioners is to place the invert
of the culvert about 5 ft. below the natural surface of the ground. On this assumption, the depth
of filling over any culvert in an embankment maybe thus obtained. Let D = the required depth,
II the height of the culvert between the invert and the top, and Hj the height of the embankment.
Then we have D = H, - (H — 5). The length of the culvert, putting R for the ratio of the slopes,
h for width of formation level, and L for the length, will be L = (H, - H + 5) 2 R + B. If
the width of the formation level be that of an ordinary single line, equal to 18 ft., and the ratio of
slopes 1¿ to 1, the length in yards of the culvert will be given by the equation

L = 2 R (H 1 - II + 5) + B + C.
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Table III.
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Area. Opening. Side Wall.
Depth of

Flag.

Length of
Flag.

4 2x2 2x2 12 5
9 3x3 3 x 2¿ 16 6
16 4x4 4x3 20 7
25 5x5 5x3i 22 8
36 6x6 6x4 24 9

Fencing.—-In some countries the line is not fenced at all, but in all those in which the property
on either side is held by private landowners, fencing of some sort is indispensable. The readiest
made description of fence, when labour is cheap, is that commonly used in Ireland, and consists of a
ditch and mound as shown in Fig. 6480. The material excavated from the ditch is thrown into
the mound, and a quickset hedge planted
along the top. After the lapse of some time 648°-

this makes a good fence, but it requires in
the interim a considerable amount of repair.

It is also very liable to be trodden down by
cattle, and people walking on the top of it.

The common timber post and rail fence is well
known, and there are besides an almost infinite

variety of iron fencing. "When the line passes
through a private demesne, iron fencing of an
ornamental description is frequently employed.
Perhaps the best fence that can be put up
along a line is the dry stone wall. If well
built, and the stones well bonded together, with a rough coping set in mortar, edgeways, it forms
an excellent protection against the trespass of both man and beast.

Metalling and Pitching.—See Koads.
Ballasting and Boxing.—The material most commonly used for ballast is gravel, Or broken stone;

and when these cannot be obtained, burnt clay, cinders, slag, broken brick, shells, and even small
coal have been made use of. Whatever material is employed, it should be hard and clean, and
capable of binding into a solid mass, to prevent it being washed away from under the rails

and sleepers. The common width for ballast on the standard gauge is 14 ft. for a single and 26 ft.

for a double line of way. The depth is about 1 ft. 9 in. to 2 ft. Boxing is the upper 6 in. or so of
the ballast, and must not be quite so coarse as the lower stratum. The quantity of ballast to the
mile required for different depths and widths is given in Table IV.

Table IV.

Depth In

inches.

16
18
20
22
24

Cubic Yards of Ballast a Mile. Slopes 1 to 1. Width on top for

Single Line.

10 feet.

2955
3375
3802
4242
4693

11 feet.

3216
3667
4128
4600
5084

12 feet.

3477
3960
4454
4959
5475

Double Line.

21 feet.

5823
6600
7387
8186
8996

22 feet. 23 feet.

6084 6344
6894 7187
7713 8039
8544 8903
9387 9775

Laying Permanent Way.—The laying of the permanent way is but too often left almost entirely

to the platelayers. This is a serious mistake. Proper centre stakes should be put in, especially

in the curved portions of the line, and particular care paid to the super-elevation or cant of the
outer rail. The tendency for a carriage to leave the metal when running round a curve results

from three causes. 1st. The centrifugal force ; 2nd. The parallelism of tho axles ; and 3rd. The
slip of the wheels. Put V for the velocity of a train in feet a second, li for the radius of tho

curve, F for the centrifugal force, and W for its weight. Then the following proportion prevails

V2

Î1

• "W" : : : l. This is the ratio which the cant or elevation of the outer above the inner
32i' ¿ a

rail of the curved line of rails must bear to the gauge or transverse distance between the rails. Let
V be the speed in miles an hour, G the gauge, and C the cant for the centrifugal force, then

V2

C = G x nearly. One half the cant should be given by raising the outer rail above tho
-LO Jtt»

level of the centre line, and the other half by depressing the inner rail. It is obvious the cant cannot
be adjusted for all speeds, and the safest plan is to adopt it nearly to the maximum speed. If an
average speed of 40 miles an hour be assumed as the datum, the cant for different gauges and
different curves will be found in Table V. The tendency to leave the line, which arises from the
axles being parallel instead of radiating from the centre of the curve, cannot well be distinguished
from that due to the slipping of the wheels, which is thus caused :—The outer rail of any curve is
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longer than the inner rail in the proportion of the radius added to the gauge radius. While the inner
wheel rolls over a given arc of the inner rail, the outer wheel, if it be of the same diameter with the
inner wheels, has to slip over a distance equal to the difference of the lengths of the rails. This
causes an additional resistance to the advance of the outer wheel of each pair of wheels, tending to

make the front end of the carriage swerve outwards. The taper or coning of the wheels was
designed to prevent this tendency, by causing the outer wheel to run on a portion of its tire of larger

diameter than that on which the inner wheel runs at the same time. The coning of the wheels
has the disadvantage of increasing the oscillation or sideward lurching of the trains when running
on a straight line. This tendency to swerve may be corrected in cylindrical wheels by means
of an additional cant, which throws the larger proportion of the weight on the inner rail.

The additional cant required for that purpose was determined experimentally by D. Rankine and
W. J. M. Rankine, for carriages moving on a narrow-gauge line at speeds of from 3 to 12 miles an
hour, and found to be independent of the velocity and inversely proportional to the radius of the

7200
curve. Putting for the additional cant in inches, we have C — -p ,

in which R is the radius ofR
the curve in feet. The use »af bogeys or axle-boxes sliding in curved gui<

cant unnecessary.

Table V.

Gauge. Cant for Centrifugal Force in inches

4 ft. 8| in. 6000 -4- radius in feet.

5 „ 3 „ 6680 -i- „

• 6 „ „ 7680 -r- „ „
7 „ „ 8960 -r- „

Expansion of Bails.—The ends of rails if laid at a low temperature must not be placed in

contact, since wrought iron expands 0*0000068 of its length for each degree Fahr. A change
of temperature of 130° will cause the following elongation in rails of different length. A rail

15 ft. in length will become 15-0133 ft. ; if 18 ft., it will be 18-0159 ft. ; and if 20 ft., 20*0177 ft.

If we assume the maximum temperature at which rails may be placed in contact to be 100°, then
the distances to be left between the joints at different temperatures are given in Table "VI. Rail3

which have been laid in contact in cold weather, have been thrown out of line and out of level

more than a foot by the powerful force of expansion, which may be said to be irresistible. In
fishing all joints, the holes in the chairs must be longer than those in the rails, in order to allow
of the proper expansive motion. Serious accidents have happened through the neglect of this

simple precaution, even on lines upon which the rails weighed over 80 lbs. a yard, and were well
secured by fish-joints.

Table VI.

Temperature. Distances in inches. Temperature. Distances in inches. Temperature. Distances in inches.

90 0-016
o
40 0-114

o

80 0-019 30 0-131 10 0-179
70 0-065 20 147 20 196
60 0-082 10 163 30 0-212
50 . 0-098

-

Specification.—A specification or detailed description of the various works to be carried out
is always attached to a contract. It would require considerable detail to treat tñis subject fully,

but we may briefly mention a few prominent points in connection with it. The description of the
commencement and end of the work should be very accurately and minutely stated. The clauses
also should be very distinct which relate to the time allowed, the mode of payment, the testing
and delivery of materials, and the penalties provided in each separate instance. Attention to
these points not only materially contributes to the rapid and efficient execution of a contract, but
avoids all future arbitration and litigation. A good specification should be the joint production of
both engineering and legal ability, neither unduly sacrificing the one feature to the other. "While
proper tests should always be stipulated for, yet if they are carried to an extreme degree, as
frequently happens, they defeat their own object. When it becomes impossible to carry out
certain unreasonable demands, the alternative is to evade them as much as possible; and it

must always be borne in mind that the more stringent the demand, the greater the difficulty

in enforcing it.

See Arch. Ballast. Bridges. Construction. Permanent Way. Signals.
RATCHET-WHEEL. Fb., Roue à rochet; Geb., Sperrrad ; Ital., Ruota a nottolino; Span.,

Bucala de trinquete.

A circular wheel having angular teeth, by which it may be moved forward, as by a lever and
catch, or pawl, and into which the pawl may drop to prevent the wheel from running back. See
Mecuanioal Movements.

REACTION". Fb., Béaction; Ger., Beaction; Ital., Beazione; Span., Beaccion.
In mechanics, reaction is the force which a body subjected to the action of a force from another-

body exerts upon that body in the opposite direction.
REACTION-WHEEL. Fr., Boue a r

Span., Rueda de reacción.

See Barker's Mill.

refactions Ger., Reactionsrad ; Ital., Ruota a reazione,
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REAMER. Fr., Alésoìr; Geb., Reibahle; Ital., Allargatore; Span., Avellanador.

Reamer or Rimer is a tool used to enlarge a hole in a bevelled form.

RECORDING PRESSURE-GAUGE. Fr., Manomètre enregistrant; Ger., Manometer zum
Anzeigen von Dampfdruck ; Ital., Piezografo ; Span., Manómetro automator.

The objects of a recording steam-pressure gauge are to secure a true record of all pressures and
variations of the same for reference, either in the interest of science or in investigations before

coroners' and other juries, and for inspection by insurers, proprietors of manufactories, steamers,

stationary engines, and locomotives, to ascertain at any time the past as well as the present strain

or pressure sustained; also whether the employés are attentive to their duties and uniform in

feeding the fuel and water, or whether they are careless, irregular, or incompetent, and therefore

untrustworthy in the discharge of such important duties as surround the generation and use of

steam, whether at high or low pressure. These objects are well attained in M. B. Edson's recording

gauge, Figs. 6481 to 6483.

6481.

G482.

The springs consist of a series of circular elastic chambers ; they are composed of thin circular

steel discs, with corrugations, each pair forming a chamber by means of a flat brass or composition

ring interposed between their outer edges, and having two compressing rings, one above and one

under the discs, the whole being secured firmly together by screws, so as to be steam and air tight.

A thin flat packing of foil or of sheet rubber is interposed for packing between the discs and the

rings, and the discs, the rings, the couplings, and other parts are electro-plated with nickel to

prevent oxidation, and thus preserve their accuracy for a long time. These chambers are con-

nected together by hollow connections or couplings secured to the centres of the discs around an

opening, and they are provided with alternate male and female screw threads, so as to be joined

together in a series, the joints being steam and air tight. The lowest chamber is secured to the

bed-plate, and is provided with a coupling, by which connection is made through a suitable pipe

with a boiler or other vessel in which the fluid under pressure is generated. The upper chamber

has on the top plate or spring a short, fixed, slotted vertical stud. These chambers are surrounded

by a suitable casing, which supports the bearing whereon the oscillating rack and other parts are

fitted. This casing is secured to the bed-plate to prevent any variation in the working parts. Upon

a bearing is a segmental rack oscillating vertically upon points, and having on its outer segmental

periphery teeth which gear into a pinion fast upon the horizontal shaft, on the front end of which

is fixed a large spur-wheel for operating the vertical rack that carries the spring pencil-holder. On
the opposite end of the horizontal shaft a smaller spur-wheel is fixed to gear into and to operate a

horizontal sliding rack which passes through slots in the frame at each end. Upon the side of this

segmental rack is fixed an open rectangular frame or shoulder, within which is placed the sliding

adjustable link, and which is made to slide towards or from the centre of oscillation of the segmental

rack by means of the two adjusting screws at the opposite ends. A connecting rod is at its upper
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end pivoted upon a pin fast in the link, and at its lower end is fastened by a pin to a stud. The
use of the sliding link is to increase or diminish the extent of the oscillation of the segmental rack.

A reservoir drum, upon which the paper chart is wound, has its bearings upon conical points at the

centre of the drum heads, the lower being fixed in the bed-plate and the upper bearings being the

ends of adjustable screws, which pass through the horizontal brackets. Upon the opposite side of

the cylindrical casing is the receiving drum, which has its bearing at the bottom, similarly to the

reservoir drum. These drums have each a narrow slot, behind which is fitted an eccentrically-

flattened rod to clip and hold the paper chart. Around the edge of the top of the receiving drum
is a raised rim making a hollow circular space, in which is placed a universal or constant pawl,

which is centred upon the drum head, but moving horizontally upon the said bearing. The short

arm of the pawl is so arranged that when the long arm is pushed from the centre it will slip around

within the rim loosely, so as not to turn the drum ; but the instant the long arm is drawn towards

the rack, the short arm will impinge upon the rim, and thus cause the drum to rotate. The pawl-

lever is operated by a fixed pin in the end of the horizontal rack. The paper for the charts is

wound around the first drum, and is passed in front of the bearing upon the casing, and between the

said bearing and the pencil-holder, passing thence to and around the receiving drum. The paper

chart is ruled with horizontal lines, and figured on the drum from zero to 90 lbs. pressure. The
chart may also have zigzag tracings, indicating fluctuations in pressure. In front of the cylindrical

frame the vertically-sliding rack rests in frictionless bearings upon the frame ; the teeth of the rack

mesh closely into those of the spur-wheel, by which the rack is operated, and is made to carry the

pencil-holder up or down as the pressure is increased or diminished.

REFRIGERATOR. Fe., Réfrigérant; Gek., Kühlfass ; Ital., Refrigerante ; Span., Refri-

gerante.

See Ice Maghine.
RESERVOIR. Fr., Réservoir ; Geb., Behälter; Ital., Serbatoio; Span., Estanques; algibes.

See Water-works.
RETAINING WALL. Fr., Mur de soutènement; Ger., Stützmauer; Ital., Muro di sostegno

Span., Muros de contención.

Retaining Walls are masonry structures designed to impound or support fluid, semifluid, or

granular materials, and are employed under various forms in the construction of fortifications,

reservoirs, docks, wharves, sea defences, and lines of inland communication. In these constructions

they appear as revetments, dams, and weirs, dock and sea walls, piers, breast walls, and wing walls.

A retaining wall is said to be surcharged when the bank it retains slopes backwards to a higher
level than the top of the wall. The slope of the bank may be either equal to or less, but cannot be
greater, than the angle of repose of the earth of the bank.

In determining the proportions of retaining walls, engineers have been guided by principles

deduced from the practical data furnished to mathematicians by the experiments and constructions

of successful builders, so that theory and practice have gone hand in hand in establishing the laws
and rules which lead to economical and skilful design. The same mechanical laws apply to retain-

ing walls equally with all masses of masonry pressed by oblique forces, and it is therefore convenient
to treat the subject of their equilibrium under the distinct heads of—the stability of the wall ; and
the pressure or thrust of the material retained—the combination of the results leading to the deter-

mination of the proper dimensions of the profile of the wall. It is usual in investigations connected
with these subjects to confine the calculations to some unit of length of wall ; the unit, therefore,

which will be adopted for uniform walls, that is, walls of constant cross-section, in this article,

unless otherwise expressly stated, will be 1 ft., taken at right angles to the plane of the profile or
cross-section of the wall.

Stability of tm Wall.—A mass of masonry pressed by an oblique thrust may fail through heeling
over in the direction in which the thrust acts, or it may slide bodily forward, either on its base or
on some plane in its substance. It will hereafter be seen that the contingency of sliding may,
under ordinary circumstances, be dismissed from the consideration ; but the effect of the heeling
tendency must be carefully investigated in all cases.

A wall, in most text-books on the stability of structures, is treated as if it were a homogeneous
adamantine mass which could actually turn over round the outer angle of its base, as on a knife
edge

; but this, except in very small structures, is an impracticable, not to say impossible, assump-
tion, for there can be no doubt that in large walls the masonry of the face would crush, and the
mass disintegrate near the point of rupture, long before the wall could actually tilt.

The resultant of an oblique thrust in a mass resting on a horizontal base may be resolved into
two components—the vertical, causing a vertical stress or pressure on the base; the horizontal,
tending to push forward the mass. The resistance which the wall opposes to the effects of the
former is called its statical stability

; to the latter, its frictional stability.
In retaining walls, the vertical stress is made up of the weight of the wall ; and the vertical

component, if any, of the thrust of the material retained by the wall ; while the horizontal force is

simply the horizontal component of the same thrust.
Dealing first with the statical as distinguished from the frictional stability of the wall, we find

that when the resultant of ail the forces acting on the mass passes through the centre of figure of
its base, the vertical pressure is considered to be a stress distributed uniformly over the base ; its
amount at all points is equal and of a mean intensity, found by dividing the total vertical pressure
by the area of the base. When, however, the resultant does not pass through the middle of the
base, the centre of resistance, which is the point of application of the resultant in the base, will
not coincido with the centre of figure of the base, and therefore the stress will increase in intensity
on that Bide towards which the resultant deviates, according to a law which is, that the intensity
is at any point proportional to the horizontal distance of the point along an axis in the direction of
the thrust. This is the law of an uniformly varying stress. It is this increase of pressure on the
edges oí the base which tends to crush the materials of the wall, and causo failure long before the



EETAINING WALL. 2729

resultant or centre of resistance can have reached the face of the structure. When the resultant

passes outside the face, the pressure being unbalanced, the wall must heel. We will confine our-

selves to the stability of walls independently of their foundations, although it is easily seen that

the same principles may be applied to the resistance of the materials composing the foundations as

well as to that of those of the wall. We shall therefore suppose our walls placed on secure founda-
tions. Failure of foundations through excess of stress nevertheless must be guarded against as

likely to occur in retaining walls—a notable instance of such failure being the Puentes dam in

Spain, already referred to, Fig. 2248, in article Damming.
The diagram in Fig. 6484 represents the distribution both of an uniform and an uniformly

varying stress. The rectangle ABCD represents the former ; one of the
other figures, contained by dotted lines, as C'A', B D, the latter. Let AB „

be a plane forming the base of a wall, and let the resultant pass through 6484. /p
the centre o. Erect a perpendicular o o', equal to the mean intensity of the / :

.

vertical stress ; and since the stress is uniformly distributed its amount at / /P
every point is equal, and the total stress is represented by the ideal / ,*'

jD
'

rectangle ABCD. ,
/'*;>''

i

But when the resultant does not pass through the centre o, since the C *

v
*9/-''' :_

total amount of the vertical stress cannot vary, its mean intensity must

remain constant and equal to o o', and therefore, as it varies uniformly,
lines drawn through o' will form ideal figures representing the total stress,

the ordinates of which will represent the stress at any point.

The ordinate at the point B will give the maximum stress or pressure A /C o ¡B

at the face of the wall. ',"/
Ä *

It appears, therefore, that the mean stress increases towards B as the »•'

ordinates of a triangle such as O'DD', and decreases towards A as those **

of an equal and similar triangle D' C C.
When the deviation of the resultant from the centre of the base is one-sixth of the breadth of

base, the ideal figure is a triangle, as A B D', in which B D', representing the maximum pressure,

is double O O', representing the mean pressure. When the deviation exceeds one-sixth the breadth
of base, a portion of the stress, represented by the triangle A A' C, becomes negative, and denotes

a tension ; but a tensile force being practically an element too uncertain to deal with in masonry
may be neglected, thus constituting an element of safety, while it simplifies the investigation.

The conditions of the problem, it will be seen, however, entail the use of alternate formulas for

the maximum pressure ; one when the deviation of the resultant from the middle of the base is less

than, or equals one-sixth the breadth of base, the other when it is greater. Let p be the mean
VPTt'lPfil TOTOPA

intensity of the pressure on the unit of surface of the base = ¡n ; p' the maximum
area ot base

intensity of the stress on the unit of surface
; q the ratio of the deviation of the centre of resistance,

from the middle of the base, to the breadth of base ; x the breadth of base ; then so long as the

deviation is not greater than one-sixth, the relation of p' ïo p is

p' = p cu-e?), m
and when the deviation exceeds one-sixth,

These formulae are identical with those already given in the article Damming, the notation

I

being adapted to that here given by making -— v = q.
Â

The following Table of examples gives the ratios of p' to p for several values of ?, calculated by
the preceding formulas ;

—

Table A.
For Values of q Uss than, or equal ¿th. For Values of q greater than |th.111112121 21211371

? = ÌT 5' 9' 4' 3' 8' 16' 2"2 = 12' ÎT ÏÔ' 9' 8' Ï5' 7' ÏT 6*

p' 3 17 8 5 7 9 13 25
2.

p
~

2' IT 5' 3'
— »

4 5' y 'Ï3'
p'_ 15 20 12 8 4 16 32

p~T* T'T'S* *T 3" 00

We see from what has gone before that it is requisite for the safety of a wall that the deviation

from the middle of the base of the centre of resistance—the point where the resultant cuts the base

—must be limited.

If it should exceed one-half the breadth of base, the wall would overset ; and if it should equal

the half-breadth, the maximum pressure being infinitely great would require an infinite resistance

to crushing in the materials of the wall. The limit therefore clearly is that the deviation shall

not be such a fraction of the base as will cause the maximum pressure to exceed the safe resistance

to crushing of any of the materials of the wall ; or, if/' be the safe resistance of the materials, that

p' shall not be greater than /'.

To determine the thickness of the wall so that this condition shall be fulfilled, we must seek

values ofp and q, on which p' depends, in terms of x.

,TT , „ , weight of wall + vertical component of the thrust at back ., . .exlTWe know that p = —s Z *~
.

¡ therefore if W,r area of base of wall
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be the whole weight of the wall ; wl
the weight of a cubic foot of its substance ; h the height of the

wall ; - the fractional part which the area of its profile bears to the area of a rectangle of

equal height and breadth ; x the breadth of the base of the wall ; H the horizontal ; and V the
vertical components of the thrust at the back of the wall ; we have

w1± v = a_» v
x n x

If q x and q' x be the horizontal deviations of the centre of resistance of the base, and of the centre
of gravity of the profile from the middle of the base, we have in Fig. 6485 q x = O E, q' x = O K,
and K E = q x ± q' x, the upper or lower sign being used according as the points K and E lie on
the opposite or the same side of the middle of the base O ; O' K being the

height of the centre of pressure equals —, therefore O'K : KE :: V : H,
o

h
thus — : (3 db q') x : : V : H, and hence we obtain

The following values of — and q' are found for certain sections ;

—

tv

Form -, q',
n

Rectangles and parallelograms .

.

1

Triangles

r h

<fx

1 rh 1

2 3x 6

x + t (rh t — x\ x -\-2t_ .

,

œ + t /rh t — x\
TraPeZ0ld3 -ST» IT + -6-) cc+t '

where r h is the batter of the face of tho wall, t the thickness of the wall at top.

By substituting in equations [1] and [1a] values for p and q obtained by the above formulae, and
using for p' its limiting value /', the breadth of the wall may be calculated, as already shown in the
article Damming, where the subject has been treated in detail by French writers.

The method of obtaining the profile of a wall or dam on the foregoing principles, as adopted by
the French writers, is exceedingly complex ; but W. J. M. Rankine has, in connection with the
design of a large reservoir-dam in Bombay, see article on Damming, recorded a more practical way
of dealing with the subject, and his process or rules may of course be applied to any retaining

wall. He writes ;

—

" With respect to the profile of the wall, its figure is in the main to be determined by principles

nearly the same with those laid down by the French engineers, and put in practice in the dams of
the rivers Furens and Ban ; that is to say, the intensity of the vertical pressure at the inner face of
the wall should at no point exceed a certain limit when the reservoir is empty, and the intensity

of the vertical pressure at the outer face of the wall should at no point exceed a certain limit when
the reservoir is full.

*' In the theoretical investigations of Delocre and the practical examples given by GraefF, the
same limit is assigned to the intensity of the vertical pressure at both faces of the wall. But it

appears to me that there are the following reasons for adopting a lower limit at the outer than at
the inner face. The direction in which the pressure is exerted amongst the particles close to either

face of the masonry is necessarily that of a tangent to that face ; and, unless the face is vertical, the
vertical pressure found by means of the ordinary formula3 is not the whole pressure, but only its

vertical component ; and the whole pressure exceeds the vertical pressure in a ratio which becomes
the greater, the greater the batter or deviation of the face from the vertical. The outer face of the
wall has a much greater batter than the inner face; therefore, in order that the masonry of the
outer face may not be more severely strained when the reservoir is full than that of the inner face
when the reservoir is empty, a lower limit must be taken for the intensity of the vertical pressure
at the outer face than at the inner face.

" In choosing limits for the intensity of the vertical pressure at the Inner and outer faces of the
wall represented by the accompanying profile, Fig. 6486, I have not attempted to deduce the ratio
which those quantities ought to bear to each other from the theory of the distribution of stress in a
solid body

; for the data on which any such theoretical determination would have to be based are
too uncertain. The limits which I have chosen are as follows —

1 Limits of vertical pressure at inner face. outer face.

In feet of masonry of 125 lbs. a cubic foot .. 160 .. ., 125
Pounds on the square foot, nearly 20,000 .. .. 15,625
Tons 8-93 .. .. 6'97
Kilogrammes on the square centimètre, nearly 9*8 .... 7*6
Feet of water 320 .. .. 250
Pounds on the square inch 140 .... 108

" In choosing theso two limits I have been guided by the consideration of the following facts.

As regarda the inner face where the deviation of the stress from the vertical is unimportant, it is
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certain, from practical experience, that rubble masonry, laid in strong hydraulio mortar and good
rock foundations, will safely bear vertical pressure equivalent to the weight of a column of masonry

160 ft. high, if not higher. As regards the outer
face, the practical data given by Giaeff show that
masonry of the same quality, in the sloping face
of a dam, will safely bear a pressure whose vertical
component, as found by ordinary rules, is equiva-
lent to the weight of a column 125 ft. high.

" The same reasons which show that the in-
tensity of the vertical components of the pressure
ought to be less for a battening than for a vertical
face, show also that this intensity ought gradually
to diminish at the lower part of the outer face,
when the batter gradually increases. In the

ta.70¿gft¡agaaaag¿a¿gia¿&saia^l¿Za&s^^
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present state of our knowledge we should not be warranted in framing any definite theory as to
the law which this diminution ought to follow ; and therefore, in preparing the accompanying
design I have thought it best to be guided in this, as in the previous case, by practical examples,
and to consider it sufficient to make the law of diminution such that at the depth of 150 ft. below
the surface the intensity of the vertical component of the pressure at the outer face becomes nearly
equal to what it is at the same depth in the outer face of the dam across the Furens, namely, 107 ft.

of masonry, or about 6| kilogrammes on the square centimètre.

" I have kept in view another principle not referred to by tho French authors, namely, that
there ought to be no practically appreciable tension at any point of the masonry, whether at the
outer face when the reservoir is empty, or at the inner face when the reservoir is full.

" Experience has shown that in structures^ of brickwork and masonry that are exposed to the
overturning action of forces, which fluctuate in amount and direction, the tendency to give way
first shows itself at that point at which the tension is greatest.

" In order that this principle may be fulfilled, the line of resistance should not deviate from the
middle thickness of the wall to an extent materially exceeding one-sixth of the thickness. In other
words, the lines of resistance when the reservoir is empty and full respectively, should both he
within, or but a small distance beyond, the middlo third of the thickness of the wall.

" The conditions which have been observed in designing accompanying the profile, Fig. 64S6,
may be summed up as follows ;

—

"A the vertical pressure at the inner face, not to exceed 160 ft. of masonry, or 20,000 lbs. a
square foot.

" B the vertical pressure at the outer face, 125 ft. of masonry, or 15,625 lbs. a square foot, at
the point where it is most intense, and to diminish in going down from that point.

" C, the lines of resistance when the reservoir is full and empty respectively, to lie within, or
near to, the middle third of the thickness of the wall.

" Those are the limiting conditions, and do not prescribe exactly any definite form.
"In choosing a form in order to fulfil them without any practically important excess in the

expenditure of material beyond what is necessary, I have been guided by the consideration that a
form whose dimensions, sectional area, and centre of gravity, under different circumstances are
found by short and simple calculations, is to be preferred to one of a more complex kind, when
their merits in other respects are equal ; and I have chosen logarithmic curves for both the inner
and outer faces.

" The constant subtangent common to both curves, marked A D in Fig. 6486, is 80 ft.
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" The thickness C B at 120 ft. below the top is 84 ft., and of this one-fourteenth, A C = 6 ft., lies

inside the vertical axis O X, and thirteen-fourteenths, A B = 78 ft., outside that axis.

" The formula for the thickness t at any depth x below the top, is as follows ;

—

t = tl e—-^> [1]
a L J

or in common logarithms,

log. t - log. t
x + 0-4343 ^-^

in which a denotes the subtangent, 80 ft., and £, the given thickness, 84 ft., at the given depth,

120 ft., below the top. The thickness at the top is 18 74 ft.

" In the profile, horizontal ordinates are drawn at every 10 ft. of depth from the top down to 180 ft.,

and their lengths from the vertical axis O X to the inner faces respectively, are marked in feet and

decimals.
" In each case those ordinates are respectively T\ and if of the thickness. Intermediate ordinates

at intervals of 5 ft. can easily be calculated, if required, by taking mean proportionals between the

adjacent pairs of ordinates at the intervals of 10 ft.

" The sectional area of the wall from the top down to any given depth is found by multiplying

the constant subtangent a = 80 ft., by the difference, t — £ , between the thickness at the top and

at the given depth, that is to say,

J.
tdx = a(t - ¿ ). [2]

" The vertical line through the centre of gravity of the part of the wall above a given horizontal

plane stands midway between the middle of the thickness at the given horizontal plane and the
middle of the thickness at the top of the wall ; and thus have been found points in the curve
marked line of resistance, reservoir empty.

" Supposing the reservoir filled to the level of the top of the wall, the moment of the pressure
exerted horizontally by the water against each unit of length of wall from the top down to a given
depth x, is found by multiplying the weight of a cubic unit of water by one-sixth of the cube of the
depth ; and if we take, for convenience, the weight of a cubic unit of masonry as the unit of weight,
and suppose the masonry to have twice the heaviness of water, this gives us, for the moment of
horizontal pressure,

M=*. [3]

u The moment of horizontal pressure, expressed as above stated, being divided by the area of

cross-section above the given depth, gives the horizontal distance at the given depth between the
lines of resistance with the reservoir empty and full respectively ; that is to say,

M x*

;ta .
12a«-'°) M

and thus have been found points in the curve marked line of resistance, reservoir full.

" In the preceding formulas the pressure of the water against the inner face of the wall is treated

as if it were wholly horizontal, as in the investigations of Graeff and Delocre. In fact, however,
that pressure, being normal to the inner face of the wall, has a small inclination downwards ; and
therefore contains a small vertical component, which adds to the stability of the wall. The neglect
of that vertical component is an error on the safe side.

" To find the mean intensity of the vertical pressure on a given horizontal plane in the masonry,
expressed in feet of masonry, divide the sectional area by the thickness at the given plane ; that is

to say,

****-* il-**\ [5]P
" To find the greatest intensity of that vertical pressure, according to the ordinary assumption

that it is an uniformly varying stress, in other words, that it increases at an uniform rate from the
face farthest from the line of resistance to the face nearest to that line, the mean intensity is to be
increased by a fraction of itself expressed by the ratio which the deviation of the line of resistance
from the middle of the thickness bears to one-sixth of the thickness ; that is to say, let p denote
that greatest intensity, expressed in feet of masonry, and r the deviation of the line of resistance
from the middle of the thickness ; then

'"M-K' + tO-
When that deviation is appreciably greater than one-sixth of the thickness, the preceding rule is

no longer applicable, but this case, as already explained, ought not to occur in a reservoir wall.
' The assumption on which the rule is based, of an uniform rate of variation of that component

oí the pressure which is normal to the pressed surface, is known to be sensibly correct in the case
of beams, and is probably very near the truth in walls of uniform or nearly uniform thickness.
AV nether, or to what extent, it deviates from exactness in walls of varying thickness is uncertain in
the present stato of our experimental knowledge.

• The range of different depths to which the same profile is applicable without any waste of
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material extends from the greatest depth shown on the drawing, 180 ft., up to 110 ft., or thereabouts.

For depths between 110 ft. and 80 or 90 ft. or thereabouts, the waste of material is unimportant.
For depths to any considerable extent less than 90 ft., the use of a part of the same profile gives a
surplus of stability. For example, if the depth be 50 ft., the quantity of material is greater than
that which is necessary in the ratio of 1*4 to 1, nearly. For the shallow parts, however, at the
ends of a dam that is deep in the centre, I think it preferable to use the same profile as in the deep
parts, notwithstanding this expenditure of material, in order that the full advantage of the abut-
ment against the sides of the ravine may be obtained. In the case of a dam that is less deep in the
centre than 110 ft., the following rule may be employed ;—construct a profile similar to that suited

to a depth of 110 ft., with all the thicknesses and ordinates diminished in the same proportion with
the depth. Vhe intensity of the vertical pressure at each point will be diminished in the same
proportion also ; but this does not imply waste of material ; the whole weight of the material being
required in order that there may be no appreciable tension in any part of the wall."

Although the intricate foregoing methods are imperative in structures of unusual magnitude,
in order to ensure economic and safe design, yet in ordinary structures the following more simple
yet sufficiently exact process may be adopted.

Returning to the principles stated at starting, we see that if we insert in equations [1] and [1a]

the limiting value of p' — /', and for p its value in terms of the height of the wall, we obtain an
expression for h, which may be here termed the limiting height, depending on q and w

l . Using a

notation as before we have p' — /', and neglecting V in equation [2], we get p =

equation [1],

and by equation [IaJ,

n
then, by

nf

h =

^ (1 + 6 q)

Snf'a-q)

when q^=.\

2w,
, when q> |

.

M

[4a]

Applying the above formulée to the example of rectangular profiles, and taking ordinary
values for/' and w

x , corresponding to ashlar and rubble, we find for the values of q, already selected

in Table A, the following limiting heights ?

—

In the case selected the value of n is 1 ; but for other forms of profile the heights will increase in
the ratio of « to unity ; for instance, for triangular profiles, the heights will be double, and for trape-

2 x
zoidal profiles,

, , times those of the Table.
x + t

Table B.

Values of q
i
12

1
11

1
10

2
15

2
13

2
11

7
IG

In feet, for — = '

, or rubble walls.
to. 140

Limiting heights

Limiting heights

160 106 103 100 96 91 89 ¡86 83 ¡80
1

75 72 68

In feet, for— = '

, or ashlar walls
w. 170

424 283 274 265 ¡254 !242 !235 228 220 212 198 191177 159 106 79

60 I 40 ! 30
;
15

40

An examination of the above Table shows that for walls of ordinary heights, so long as q is kept
within certain limits, there will be no danger of the maximum pressure exceeding the safe limits

of the resistance of the materials of the wall, and therefore, keeping in view this principle, the true

proportions of a wall may be obtained from the ordinary equations for the moment of stability of

structures round the assumed limiting position of the centre of resistance.

The following is the general expression for the moment of statical stability of a structure acted
upon by a force tending to overturn it, and is applicable to walls ;

—

Let Mj be the moment of stability relatively to the limiting position of the centre of resistance in

the base; W
x
the total weight of the structure ; j the angle the plane of the base makes with the

horizon ; qx, &a before, the deviation of the centre of resistance from the middle of the base ;
q' x

the horizontal deviation of the vertical through the centre of gravity of the structure from the

middle of the base; (q ± q') x will therefore be the leverage by which the weight of the structure

resists overthrow. Then
M

l
= W

l
COB.j(q±q')x; [5]

to li 00

or, since in uniform walls W
t
= — , the equation becomes

M, =^(S±?V. [6]

The above moment being equated with the moment of the overturning thrust, leads to ordinary
quadratic equations, from which the breadth of base of walls of assured stability may be readily
obtained, as employed further on. In determining the value of the fraction q to be adopted, we are
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guided by the circumstances of the case. We find that in retaining walls actually constructed

French engineers have on the average adopted -| and English engineers J. Also, we have seen

that, to avoid the existence of any tension in the masonry, we must make q = ì
; while instances

may occur where, through weakness of foundations, or from other causes, it is desirable that the

pressure on the base shall be equally distributed over its surface, in which case q must be equal to o.

The values of the other factors of the expression will depend on the form of the profile selected,

and on the physical character of the materials used in the construction of the wall.

With respect to the frictional stability, we know that a wall resists sliding on a horizontal plane

by an effect equal to its weight, plus the vertical component of the thrust at its back, multiplied by
the coefficient of friction between its material and that of the plane on which it rests ; that is, if

/ = the coefficient of friction,

the resistance of the wall to sliding = (W
x + V) / ; [7]

and if H be the horizontal thrust = P cos. ^>,

... H^(W, + V)/
, [8]

from which equation may be determined the thickness of a wall necessary to fulfil the condition of

frictional stability.

If we neglect V in the above equation, and substitute values already obtained for W and H,
we have

•ä-±|L. [9]w
l hf

The coefficient of friction / varies ; for masonry on rock or other courses of masonry, from ' 70
to '75, and for masonry on earth foundations, from '30 to '35. The above formula takes no account
of the cohesion of the mortar joints, which may amount to between 2000 and 3000 lbs. on the square
foot. Taking cohesion into account, if c = the cohesion a unit of base, and allowing a factor of

safety of 10, we have

m ^ nB
c

- [10]

»iA/o+jQ
n

If, however, we omit cohesion from the consideration, it may be expressed that a wall will not
XT

slip on a horizontal plane, provided that / is greater than ; and this condition is found to
Wj + V

be fulfilled in every wall, which otherwise satisfies the conditions of stable equilibrium.
TT

The proposition that = =; be not greater than f is also expressed by the condition that the
"1 T »

tangent of the angle which the resultant R makes with the vertical shall be less than / ; and this

will be the case, for green masonry, when the angle made by the resultant is not greater than 36°
;

and in any given profile, the less the value of q, the less will be the angle made by the resultant.

Before the design for a wall can be considered complete, the test of the above principle must be
applied to it ; but if there should exist any doubt as to its frictional stability, it is easy to provide
greater resistance by a constructive design, in which the plane of foundations and the bed-joints of

the masonry have an inclination, or slope, downwards from front to rear of the wall ; or otherwise,
by increasing the connection between the foundations and the courses of the masonry.

Thrust of the Material retained may for the purposes of this article be confined to fluid and earth
pressure.

Fluid Pressure is exerted in all directions, equally and normal, to the planes retaining the fluid.

It can arise only from the weight of the particles of the fluid over the point pressed, and is there-

fore proportional to the number of molecules of fluid superimposed, and consequently to the depth
of the point below the surface.

If A Bin Fig. 6487 represent a plane retaining a fluid, the pressure at any point is shown by a
line B C, perpendicular to A B, and of a length proportional to the
height multiplied by the weight of the unit of volume of the fluid ; a__ 6487,

and if the triangle A B C be completed, its area represents the total ft
pS^r-_!= -^=zz.

pressure against the plane ; and its ordinates b c, 6' c' the pressure at 'A-^^s ~
the various points in it. i-\ "^^»g—

Hence the rule for fluid pressure is ;—Multiply the immersed area M^..-----"
—

^

SVv\ •

of the plane by the depth of its centre of gravity below the surface "^
bV" ^,^C

and by the weight of the unit of volume of the fluid. This is ex- ; \ ^ *"" ^^
pressed algebraically by ¡

b

\
^~-~~~~~*'

~P = wAd, [11] ;
\^~-~^^'

in which P is the normal pressure ; w the weight of the unit of volume
of the fluid

; A the wetted area of the plane pressed ; d the depth of its centre of gravity measured
from the surface.

For water, w is equal to 62 4, therefore P = 62 4 A d.
7

And if ß be the inclination of the plane to the vertical, A =
; therefore the generalr

cos. ß
formula for water pressure in the unit of length is

Ps= !EJl*Í. [12]
cos. ß

Two cases only of water pressure need be considered here
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1. When the retaining plane reaches the surface of the water, as in the case of reservoir walls,

Fig. 6488. Here d = -, and therefore

P= »*£..
[13]

cos. ß

And if H be the horizontal and V the vertical component of P, the

H = Pcos. ß = 31-2 A2
. [14]

And V = P sin. ß = 31 -2 A2 tan. 0. [15]

Or, simply the weight of the triangle of water vertically over the back of the wall.

2. When the plane is submerged, as in the case of weirs, Fig. 6489.

6488. 6489.
6490.

Here, d = A' +
A — A'

h + h' , , A - A'—-— ; and A =
;

2 cos. ß
therefore

F = 15-6
A2 - A'

2

[16]
cos. ß

And H' = 31-2 (A2 - A'2). [17]

V = 31 -2 (A2 - A'
2
) tan. ß. [18]

If we take a backwater, of the height A", its effect, H" = 31 ' 2 A"2, tends to stability.

The pressure of a fluid against the unit of surface of a plane, at any point, is w A ; and the whole
pressure is represented by a triangle formed by a perpendicular of this value and the height of the
plane ; therefore if in Fig. 6490 we let B C have the value w A for water, and B D that for mud, the
triangles A B C, A B D, will respectively represent the pressure against the plane A B in distribution
and amount for these substances. For a mixed pressure of semifluid mud and water, the level of

the mud being at E, draw the line E F parallel to A D, and the pressure of the mixed substances
will be represented in amount and distribution by the area A B E F.

Table C.

—

Water Peessuee against One Foot in Length of Vertical Walls.

(The Horizontal Force in lbsi. = H = 31 •2 A2
.)

Height Horizontal Height Horizontal Height Horizontal Height Horizontal Height Horizontal
of wall pressure i of wall pressure of wall pressure of wall pressure of wall pressure
in feet. in lbs. in feet. in lbs. in feet. in lbs. in feet. in lbs. in feet. in lbs.

1 31' 2 31 29983-2 : 61 116095-2 91 258367-2 121 456799-2
2 124 8 32 31948 8

!

62 119932 8 92 264076 8 122 464380 3
3 280 8 33 33976 8

!

63 123832 8 93 269848 8 123 472024 8
4 499 2 34 36067 2 64 127795 2 94 275683 2 124 479731 2

5 780 35 38220 65 131820 95 281580 125 487500
6 1123 2 36 40435 2

;

66 135907 2 96 287539 2 126 495331 2

7 1528 8 37 42712 8 67 140056 8 97 293560 8 127 503224 8
8 1996 8 38 45052 8 68 144268 8 98 299644 8 128 511180 8
9 2527 2 39 47455 2 69 148543 2

I

99 305791 2 129 519199 2
10 3120 41 52447 2 71 157279 2 Í

101 318271 8 131 535423 2

11 3775 2 42 55036 8
j

72 161740 8 102 324604 8 132 543(128 8

12 4492 8 43 57688 8 !
73 166264 8 103 331000 8 133 551896 8

13 5272 8 44 60403 2 74 170851 -2 104 337459 2 134 560227 2

14 6115 2 45 63180 75 175500 105 343980 135 568620
15 7020 46 66019 2 76 180211 2 106 350563 2 136 577075 2

16 7987 2 47 68920 8 77 184984 8 107 357208 8 137 585592 8

17 9016 8 48 71884 8 78 189820 8 108 363916 8 138 594272 8

18 10108 8 49 74911 2 79 194719 2 109 370687 2 139 602815 2

19 11263 2 51 81151 2 ! 81 204703 2 111 384415 2 142 629116 8
21 13759 2 52 84364 8 82 209788 8 112 391372 8 144 646963 '2

22 15100 8 53 87640 8 83 214936 8 113 39S392 8 146 665059 2
23 16504 8 54 90979 2 84 220147 2 114 405475 2 148 683404 8
24 17971 2 55 94380 85 225420 115 412620 149 692671 2

25 19500 56 97843 2 86 230755 2 116 419827- 2 150 702000-0
26 21091 2 57 101368 8 87 236152 8 117 427096 8

27 22744 8 58 104956 8
:

88 241612 8 118 434428 8

28 24460 8 59 108607 2 89 247135-2 119 441823-2
29 26239-2
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Rule and Example.—To find the horizontal pressure of water against 1 ft. in length of a vertical

wall 10 ft. high? By Table, H = 3120 lbs. If the wall slopes ßP at back, for the vertical

element V, multiply the tabular number by the tangent of angle of slope ß, and for the normal
pressure N, multiply the tabular number by the secant of the angle of slope ß. Example.—lì back
of above wall sloped forward 10° .'. V = 3120 x tan. 10° = 3120 x -176 = 549 '1 lbs., and N =
1320 x sec. 10° = 3120 X 1*015 = 3166*8 lbs. To find horizontal pressure against a wall 10*6 ft.

high, take that in the Table for 106 ft., and point off two decimal places, thus, pressure for

106 ft. = 350563*2 lbs., pressure for 10; 6 ft. = 3505-632 lbs., for 1-06 ft. = 35-05632 lbs.

The pressure of sea-water, or mud in a semifluid state, may be obtained from equations [13] to

[18], or from the Table, p. 2735, by multiplying the result for water by the specific gravity of the
heavier material. The specific gravity of sea-water is about 1 026, and that of mud varies with its

consistency and constitution.

The Pressure of Earth.—The accurate determination of the pressure of earth against a fixed plane
is as yet involved in obscurity ; but the following theory based on the investigations of Prony
and Coulomb, is that which accords most closely with experience, and offers the most philosophical
treatment of the subject. It agrees nearly in results with the more complicated treatment of the
question by Kankine ; the equations for the special cases of vertical walls being identical.

This theory is based on the principle of the inclined plane, and received laws of friction;

while the assumptions made all tend to exaggerate the pressure to be provided for, and thus intro-

duce an element of safety. The results of the deductions regarding the thickness of walls to •

resist the pressure found by our formula also fairly agree with the results of experience.

It is assumed that the earth is loose, and of uniform density ; that the effect of cohesion is

neglected; that there is no friction between the earth and the resisting plane. It is observed that
where loose earth is filled in behind a fixed plane, the resistance of the plane retains the mass, but
that when the plane is removed the particles of the earth slip or roll amongst each other, till the
vertical through the centre of gravity of each particle makes with the perpendicular to a certain
plane in the mass, an angle equal to the angle of repose, or limiting angle of friction. This angle
is that which the plane called the natural slope makes with the horizontal, and its tangent is equal
to the coefficient of friction.

Let A B, Fig. 6491, be a plane retaining a bank of earth,

will slip down. B C is the natural slope, and
the angle of repose.

If we conceive the whole mass solidified there
would be no pressure, as the component of gravity
down the plane is in equilibrium with the friction

between the mass and the plane B C. We must
therefore consider the pressure to be produced by
some smaller mass, such as A B C slipping down
some other plane, making a greater angle, + E= i

with the horizontal.

The horizontal pressure of any mass resting on
a plane making an angle i, is obtained by resolving

the forces produced by the weight of the mass
ABC' = W, and the horizontal resistance = H,
in directions parallel and perpendicular to the
plane B C

Kesolving W and H in directions along, and
perpendicular to, the plane, and observing that

they act in opposite directions, we have g e representing the force down the plane = W sin.

hf representing the force up the plane = H cos. i.

The motion down the plane is opposed by the force (W cos. i + H sin. í) tan. 0, which is the
amount of the friction developed by the normal components of H and W.

Whence, as there is supposed equilibrium, W sin. i = H cos. i + (W cos.
multiplying by cos. and arranging, H (cos. i cos. + sin. i sin. 0) = W (sin.
therefore as (i — 0) = e we obtain

H = W tan. e, [19]

T ÍÍ ™b\the weiSht of the unit of mass (1 cub. it.) of the earth, and A the area of theABC, the horizontal thrust is

When it is removed a mass ABO
6191.

and

+ H sin. i) tan. 0,

cos. — cos. i sin. 0),

triangle

H = w A tan. e. [20]

It can be shown by the principles of Maxima and Minima, that A tan. e will be a maximum
when the plane B C has such a position that the area of the triangle ABC formed between it
and the plan A B, and that of a triangle B C Y, formed by it and a perpendicular C Y, let fall

from C on the plane of natural slope B C, are equal- or in symbols, when A =- * ¿
.

because BY = C Y
tan. e

therefore A = C'Yg

2 tan. e

and

Substituting this value for A in equation [20] we have

H = wCY
2

[21]

another general expression for the horizontal thrust.
The following geometrical construction, by Neville, see Fig. 6492, determines the position of

tue piane L G
,
when A tan. e is a maximum. Let A B be the face of a bank, D C its surface,
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B C the plane ofnatural slope. Draw B E parallel to A 0, and P at right angles to B C. Cut-
ting A B produced if necessary. On O P describe a semicircle OHP, and from P as centre and
with P H as radius describe an arc cutting O P in I, and through I draw B C which is the plane
of maximum pressure as required, making the triangles ABC and B C Y, Fig. 6491, equal.

The value of tan. e is

tan. e = J tan.2
(0 =F 7) + tan. (</> + e) tan. (¿p =f 7) - tan. (0 =F 7), [22]

or, in a form more suitable for logarithms,

tan. e = tan. (0 =p 7)
sin. 5 cos. (4>

f-8) \
[22a]

The sign — or + being used according as the

surface A is over or under the horizontal.

The value of O Y may readily be obtained by
the construction, or from its trigonometric equiva-

lent, — sin. (<p + e + 8) sin. e

The value of A is

A B2 sin. $ sin. (</> + e + 8)

6492.

2 sin. (2 $ + e + 8)
[24]

Pand substituting these values of A and C Y, we get

a general equation for the pressure of a bank of loose
^7777^^^^777777777777777777777777777^7777777777777^

earth of any face batter or surface slope, in terms of e.
"'"'a"""""^^^^^

_£

—

A

wAB2 sin. <i> sin. (<*+<?+ 8) ,
»CY2 w AB2 sin.2 (d>-f-e+S). sin.2 <? __H=.Ato,=_ -

s
.

n (2 ^ + e + 5)
tan. f = -J- = -7- -53(2»+«+^ M

The two following cases are of most frequent occurrence ;

—

I. When the surface of the bank slopes up at the angle of repose, that is to say, when the wall is

indefinitely surcharged, Fig. 6493. Here C Y = A B sin. c¡>, therefore

H AB2
. ,w —-— sin.

2
<p.

When the back is vertical, A B = A, therefore

__ w h2 COS. 2
„H = 0.

[26]

[27]

6493,
6494.

cos S sin c
II. When the surface of the bank is horizontal, Fig. 6494, C Y = A B -rj- , n ,\ , therefore

H = wAB2
cos.2 j8 sin.2 e

~~

2

sin. 2 (0 -f c)

sin. (0 + (?)

[28]

When the back ia vertical, A B = h, and CY=AC = /¿ tan. e, and c = <p, therefore

__ M A! .

2
90H = —-- . tan.2 — [29]

The following Table of coefficients of w h2 will shorten the calculation of the horizontal thrust

of earthen banks against walls, in the two cases given above, for some of the usual batters, and for

natural slopes of from 27° to 48°. It also shows at a glance how the pressure varies with the battei

and angle of repose, and also with the slope of the surface.

Rules and Examples.—To find the horizontal pressure, acting at one-third the height, against

1 ft. in length of a retaining wall. Multiply the weight of a cubic foot of the earth by the square
of the height of the wall and by the tabular coefficient for the proper inclination of the surface,

angle of repose of the earth, and batter of back of wall.

Example 1.—Horizontal pressure of a bank of earth with horizontal surface against a wall 10 ft.

high ; weight of cubic foot earth = 100 lbs. ; angle of repose 40 D
.

8 M
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Table E. -Coefficients for Eakth Pressure against One Foot in Length of Sloping and
Vertical Backed Walls, obtained from Formula 28 and 29.

o
1. Surface of Bank Horizontal. 2. Surface of Bank Sloping up at Angle of Repose.

ta
o
P<
0)

P3

Slope of Back of Wall. Slope of Back of Wall.

<•-

O
Overhanging forwards. ]

3lumb.

0°

Reclining. Overhanging forwards. .Plumb. Reclining.

1—4

tu

•5

14°

or

lin 4.

10°
or

lin 6.

5°

or

lin 12.

5°

or

1 in 12.

10°

or

1 in 6.

14°
or

1 in 4.

14°
or

1 in 4.

10°

or

lin 6.

5°

or

1 in 12.

0° 5°

or
1 in 12.

10°
or

1 in 6.

14o

or
1 in 4.

27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
48

289
280
270
261
252
243
230
226
218
210
203
196
189
182

176
169
163
156
•150

•145

'134

252
244
236
228
220
213
204
197
190
183
174
170
164
157
'151

146
139
•135

•129

•124

•113

•218
•212

•204

•194

•190

•183

•176

•169

•161

•156
•149

•144

•139
•132

•127
•123

•117
•110

•107

•103

•092

•188
•180

•173

•167
•160

•153

•147

•141

•135

•130

•124

•119

•114

•108
•104

•099

•094

•090

•085

•081

•073

166
157
150
145
138
132
126
122
116
110
105
101

095
091
086
082
078
073
•069

066
059

•141

•133
•129

•124

•117
•111

•106

•101

•095

•090

•087
•083

•077
•074

•069

•066

•062

•057
•054

•051

•045

•125

•120

•114
•108
•103

•097
•092

•087

•082

•078

•073
•069

•065

•061

•058
•054
•051

•047

•044

•041

•036

504
499
495
490
485
480
474
468
462
456
449
438
436
428
421
•413

405
398
390
•381

•364

•471

•466

•461

•455

•449

•443

•437
•430

•423
•416

•409

•402

•394

•387

•379
•371

•363

•354
•346

•337
•320

433
427
421
414
407
400
393
386
378
370
362
355
341
339
•333

•321

•313

304
•296

287
•270

•397

•389

•383

•375

•367

•359

•351

•343

•335

•327
•319

•310
•302

•293
•284

•276
•267

•259

•250

•241

•224

362
355
341
339
330
321
313
304
296
287
278
270
261
252
243
234
•226

•217

•208

•200

183

•329
•320

•311

•303

•294

•285

•276

•267

•253
•249

•240

•231

•222

•213

•205

•195

•187

•178

•170

•162

•145

•302

•293
•284

•275

•265
•256
•247

•240

•228

•219
•210

•201

•192

•183
•174

•166
•157
•152

•141

•130

•117

a. "When back is vertical, P = w h2 x coefficient = 100 x • 108 = 1080 lbs.

b. When back overhangs 10 p, that is to say, batters out towards the face 1 in 6; P = w h? x co-

efficient = 10,000 x -157 = 1570 lbs.

c. When back reclines 10°, that is to say, batters in towards the earth 1 in 6 ; P = w h2 x coefficient

= 10,000 x -074 = 740.

Example 2.—Horizontal pressure of a bank of earth, surface sloping up at angle of repose. Bank
of wall overhanging 10°.

w = 100, h = 10, 0° = 40°, ß° = 10° .-.¥ = wh2 x coefficient = 100 x 102 x -387 =2870 lbs.

The Moment of the Pressure of Water or Earth tending to overturn walls is the horizontal com-
ponent of the thrust multiplied by the vertical height of the point of application of its resultant

over the centre of resistance of the base, and this is diminished by the vertical component multi-

plied by the horizontal distance of the same point from the limiting position of the centre of

resistance. The point of application of the resultant of the thrust against a plane is called the
centre of pressure, and is situated where the normal through the centre of gravity of the ideal figure,

representing the pressure against the plane, cuts the plane.

Let h be the total depth of the base below the surface ; h
l
the depth of the top of a submerged

plane, such as a weir ; the vertical height of the centre of pressure over the base is,

For planes reaching the surface,

[30]z — -

For planes submerged,
2 A3 - A

x
3

3A2 - h 2
[31]

The horizontal distance of the centre of pressure from the centre of resistance of the base is

r h
y = x (h + q)

~
, where r

l
h is the batter of the back of the wall, and x and q as before.

o
If then, P be the total thrust against the wall at back, and <p the angle which its direction

makes with the horizontal, the expression for the resulting moment is

M = P O cos. <j> - y sin. <f) ; [32]

or, if H and V be the horizontal and vertical components of P,

M = H«-Vy. [33]

T/¿e Shock of a Current is an overturning thrust that may sometimes, as in weirs, have to be
taken into account, in addition to the hydrostatic pressure. The pressure of a current against a
plane at right angles to its direction is- proportional to the area of the plane, and the height due to
the velocity of the stream.
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Let w be the density of the fluid ;
a, the area of the plane (for the unit of length a becomes A) ;

q the force of gravity in feet, seconds ; v the velocity of the current in feet, seconds. Then the

theoretic force is
w av' w a v

64-4
For water this becomes for a unit of length,

•969 A v2 . [34]

According to Duchemin's experiments, the actual force against thin planes, which may be
taken as weirs, in pounds a square foot, is

F = l-8hv\ [35]

As it acts at the centre of gravity of the plane, therefore, z = -. The moment of this force, which

must be added to the moment of the hydrostatic pressure, is therefore

1-9 h2 v2 . [36]
FA

Examples of the force of a current against 1 ft. in length of vertical planes, calculated by the

above formula—[35]— are as follows;

—

Table F.

Height
of

Wall.

Velocities of Current in feet a second.

feet. Force (F) in lbs. to the Unit of Surface.

1 1-8 7'2 10-8 28-8 45-0 64-8 88-2 115-2

10 18 72 108 288 450 648 882 1152
20 36 144 216 576 900 1296 1764 2304
30 54 216 324 864 1350 1944 2646 3456
40 72 288 432 1152 1800 2592 3528 4608
50 90 360 540 1440 2250 3140 4410 5760

The Thickness of Wall is found for any point by equating the moment of stability of the wall

over the point, as given in equations [5] and [6], with the moment of the overturning thrust, as

obtained from equations [11] to [33] ; that is to say, we make M' = M. Thus, for uniform walls

under ordinary earth or water pressure, we have

"Wi cos. j (q + q') x = H z — V y. [37]

This expression is simplified by confining the investigation to walls on horizontal bases, and
neglecting the vertical component of the thrust V, which introduces an element of safety ; also

to II OC

assuming that the profile of the wall remains uniform, in which case TV\ — —
, the equation

between the statical resistance and the moment of the horizontal thrust becomes

W-^ (3 ± 2') = H z, [38]

whence, for retaining walls and dams, in which z = -, we have the general equation for the breadth
ó

of base as follows ;

—

=a/: wH
3 w

l (q ± q')
[39]

For other descriptions of thrust and values of z, the same principle of equating the moments is

to be adopted, and will lead to equations of a similar character ; but the investigations cannot be

here carried out for want of space.

The following are some of the applications of formula [39], which may be useful in practice;

—

1. Vertical rectangular sections, Fig. 6495, n = 1 ;

?' = 0; 6495. 6196.

= </ H
Swiq

[40]

2. Keclining rhomboidal sections of uniform breadth,
r A

Fig. 6496. Let r A be the face batter, n .= 1, q' = — ;

— X

[40a]a/ hx=V +àw
1 q a-

r_A

4~?

3. Eeclining curved sections of uniform breadth, Fig. 6497. Approximately n = 1, and
2 r A

9 = 3* V, H
3 W, q

+ G-y-
r h

3^
[40b]

8 m 2
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In these two last cases, when the centre of gravity of the section is over the inner angle of the

base, q' = è '>

.-. x - V -
;
——- . [40c]

3 u>i(ff + è)

4. Trapezoidal sections, with a determinate face batter, Fig. 6498. Let t be the top breadth,

fr h t — x\ x + 2 £

-. ar = V/
-

# + ¿ , lrht — x\ x

a? + ¿)'

2H 2 r h t + i
2

3^1 (î- J) 3(?

When a wall of this section is plumb rac<?<i, r h = ;

l

, + t
2 ( rh ¿\2 / rh t\

2^1 (g- 1
) \2/ 2'

5. Trapezoidal sections, with a determinate back batter, Fig. 6499.

fx-t r'h\ x + 2tx+ t

n = -Tx-' q
, __ Ix — t r' h\

~ \~6 Tj x (x + Ô
'

a; =v; 2 II 2r7i + ¿
2 lt_

3^(? + ¿)
+

~3(? + ¿)
+

V2

When a wall of this section is plumb backed, r' h = ;

rh

D O

Let r' h be the back batter,

rh

Qq +
\2 It rh \ -

Ä _,

ï)-(ï-6Tm)- ^
_ ^/2 H + to

t
¿
2 ^ ¿

X ~ S Wl (q + i)
+

2 2
[40G]

Transformation of Profiles.—Eankine points out that a portion of the outer face of a rectangular

wall may be removed without in any way influencing the statical stability of the wall, provided
that the vertical let fall from the centre of gravity of the part taken away does not pass behind the
centre of resistance of the wall base. This produces a trapezoidal section, and therefore economy
of design.

In Fig. 6500, suppose the triangular portion C D E of a rectangular profile A B'C D to be removed ;

then, if its centre ofgravity g be vertically over O, the centre of resistance of the base, the weight of
the mass C D E can have no influence on the stability of the wall, and we have a trapezoidal section

AB D E of equal moment of stability, as regards the point O, with that of the rectangular section

AB C D, and also of the same breadth of base.

Let E A = ¿; OE = rh; T)B = x; then

t = x — 3 x (| — q) = (3 q — £) x,

rh = 3 x Q — q) = x — t.

[41]

[42]

Therefore for

9 =

i = 0.

r h = x.

2 1 2 1 1 3 7 1

11' 5' 9' 4' 3' 8' 16' 2

X

22'

X

10'

X

6'

X
4'

X
2'

5
8*'

21

16*' X

21

22*'
9

10 '

5

6*
3
4*'

X
2'

3
8*'

5

Te*'

When g is less than i Ihe rule is not applicable.
Vauban's rule for the transformation of profiles is, that a rectangular profile may be converted

into one of equal stability, but with a face batter, by making the face line of the rectangle revolve
no a horizontal axis at ì the height of the wall. This rule holds good with an error less than -^

lothe batter is not greater than i the height and J_ part when the batter is greater.

Pocket-
and [40]
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Calculations should be based on correct data, obtained in each individual case by experiment,
on the materials to be retained and used in the construction ; but in case of preliminary calcula-
tions or provisional design the following Tables of data, taken from various authorities, may provo
useful.

Table G.

Materials of Construction.

Basalts and traps

Bricks, red

„ common
„ stock (London)

Brickwork, in cement .

.

,,
in new mortar

„ old .. ..

„ ordinary
Cement, new
Flint masonry
Granites
Granite masonry
Limestones
Mortars, new

„ old

Sandstones
Slates

Specific Gravity.
Weight of a Cubic

Foot.

lbs.

3 to 2-4 187 to 155
2-16 135
1-76 110
1-84 115
1-92 120
1-87 117
1-52 95
1-61 100
1-61 100
2-34 148

3-05 to 2-25 190 to 141
2-75 172

2*54 to 1-86 159 to 116
1-9 119
1-42 89

2-67 to 1-38 168 to 88
2-9 to 2-5 180 to 157

Weight of a cubic foot of ashlar masonry is about -|ths weight of a cubic foot of the stone + |th
weight of a cubic foot of the mortar. Weight of a cubic foot of rubble masonry is from f-tbs to
-|rds weight of a cubic foot of the stone + ¿th to ^rd weight of a cubic foot of mortar.

Table H.

Materials retained by Walls.

Clay, dry . . .

.

„ wet
Earth, common dry

„ dense compact
Earthy clay and sand
Gravel
Mould, garden
Sand, dry fine

„ damp ..

Shingle, loose

Water, fresh .

.

„ salt

Specific Gravity.

1-95
2-17
1-64

1-5 to 1

1-54 „ 1

1-4
1-37 to 1-55

1-9
2-2
1*0

1-027

7
95

Weight of a
Cubic Foot.

Angles of Repose.

lbs.

120
135
102

97 to 106
96 „ 120
70 „ 90
84 „ 97

118
139
62-4
64-18

o

30 to 40
15 „ 20

46
55
54
37

35 to 45
34 „ 40

39

Table I.

—

Working Loads, or Safe Units of Pressure adopted in existing Structures.

Soft rock foundations

Concrete „
Earth „
Ashlar masonry, limestone, Britannia Bridge

„ „ granite, Saltash Bridge

„ backed with rubble, Peniston Viaduct
Rubble masonry, sandstone in Aberthaw lime, Pont-y-Pridd .

.

„ limestone in chalk lime, Barentine Viaduct .

.

„ in hydraulic lime, Almanza Dam
„ » B&n »

„ ,,
Fnrens „

,, Toolsee „

Brickwork, London pavior's in cement, Charing Cross Bridge ..

„ Staffordshire blue brick in cement, Clifton Suspension

Bridge

„ red Birmingham in lias lime, Eailway Viaduct
Cement mortar
Lime „

Tons on tbe Pounds on the
Square Foot. Square Inch.

9 140
3 46
li 20
16 249
10 156
6 93

202 321

3* 54
12-8 199
7-3 115

6 93
8*9 to 6*9 140 to 108

12 187

10 156
7 109

20 to 32 300 to 500
2* 51 40 „ SO
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Practical Design and Construction.—The foundations of retaining walls should be particularly

secure, and especially so in walls with battering backs ; because, as our theory points out, the
vertical component of the pressure of the material retained adds to the pressure of the structure on
its base.

In order to distribute the weight over a greater area, and also to bring the centre of the base
more nearly to coincide with the centre of resistance, the masonry in the foundations is usually
arranged as steps ; the width increasing by a series of offsets. In all cases where the ground is soft

or treacherous, care must be taken that the greatest intensity of the pressure shall not exceed the
power of the strata to resist compression or displacement. In such situations the maximum of

statical stability will be gained by using light materials, such as brickwork ; or by adopting a form
of hollow walls, as used by Kennie at Sheerness, and by making q, in the formula, as small as possible.

The centre of resistance of a wall under water-pressure may be made to coincide with the centre

of figure of the base by making the profile that of an isosceles triangle whose base angles are 35£°,

the breadth oí base of such wall will be 1*414 times the height of wall. Unless the coefficient of

friction exceeds 25, the weight of a cube foot of the masonry of a dam of this section must exceed
145 lbs,, otherwise the wall may slide forward.

When the frictional stability is doubtful, the foundation bed must be excavated so as to incline

from front to rear of the wall, thus placing the structure as it were on an inclined plane, up which
it must be forced by the pressure fr om behind. At the same time every possible expedient should
be adopted to drain and thus render solid the s trata both in front and rear of the masonry ; while,

when the ground is obviously insecure, piling must be resorted to, the piles being driven with a
rake or batter, so as to be perpendicular to the plane of the bed of the foundations ; or, redan-shaped
excavations may be formed in the bed so that the masonry may'key itself therein.

The wall on the Birmingham, Bristol, and Thames Junction Railway, 150 ft. of which moved
bodily forward 10 ft., the wall still standing, is an instance of failure from insufficient frictional

stability ; Vignoles considered the exciting cause to be an unexpected accumulation of water at the

rear of the wall. Huntsbank wall on the river Irwell, which was forced into the water, is another

instance. This wall was built of ashlar, and was 20 ft. high, 3| ft. thick at top, and 5 ft. thick at

bottom, with counterforts.
Form of Profile.— Walls are built of numerous forms of profile or cross section, varying from the

rectangular to the triangular. A triangle is that figure which is theoretically the most economical ;

and the nearer that practical conditions will allow of its being conformed to the better.

All other things being equal, the greater the face batter, the greater will be the stability of the
wan; but considerations connected with the functions of the wall limit the full application of this

condition, and walls are usually constructed with only a moderate batter on the face, the diminution
towards the top being obtained by a back batter worked out in a series of offsets or steps in the
masonry.

"Weirs generally batter very little on the face, in order that the water may spill clear of the
masonry, out of the joints of which it would be likely to wash the mortar. A very large face batter

promotes the action of frost on the pointing, and also facilitates the growth of vegetation in the
joints, which is often highly injurious. The filling at the back rests on the steps forming the back
batter, thii3 adding to the stability of the wall ; and if dry rubble be hand-packed over these offsets,

the stability will be very nearly as great as if the wall were built up plumb at back of solid masonry.
In brick walls these offsets are usually reckoned in half bricks.

A common practical rule for the form of wing wall of bridges at the back is to carry up the
base thickness for one-third the height, and thence diminish off to the top breadth by offsets.

Curved forms of profile are often adopted in brick walls, and especially in walls for dock and
harbour work, where practically the curved batter suits the shape of vessels lying alongside the
wharfs, and it is considered to have a superiority in throwing back the crests of waves striking sea-

walls. The effect of a curved profile, as in Fig. 6509, is to increase the statical stability of the wall
by throwing back its centre of gravity, and this increase over a rhomboidal section with rectilineal

batters is in the ratio of 4 to 3. A curved wall may possibly offer a slightly greater resistance to
bulging in its lower parts ; but, as Arthur Jacob has pointed out, it cannot act as an arch, having
only one abutment ; and it has little in it to counterbalance the disadvantage of being a much more
expensive from to construct. The radius usually adopted for the curved face of a wall is three
times the height of the wall. It will be found that if with this radius the centre of the curve be
taken in the horizontal through the top of the wall, the batter of the chord of the arc will be very
nearly one-sixtli of the height. This good practical relation is probably the origin of the rule for

the length of the radius.
The Masonry of Walls.—"Where the foundations are reliable, the weightier the walls can be made

the more stable they will be, so that for the masonry of well-founded walls, heavy stones, such
as granite, basalt, and limestone will be preferable to brick, or the lighter stones. The action of
destructive agencies, and the intensity of the pressure being greater towards the face of the wall,
has led to the use of a superior class of masonry in this part, the ashlar, or block-in-course facing
being backed with rubble, brick, or concrete, for the sake of economy ; but such combinations must
be introduced with tiie greatest caution and skill, so that no unequal settlement, and consequent
separation of the facing and backing, shall be likely to occur. Long headers should be plentifully
introduced, and the work should not be run up too rapidly. The superior class of masonry used in
the facing should reach back into the wall to a sufficient distance, so that the intensity of the pressure
on the masonry at the junction of the facing and backing may be well within the safe limit of
resistance of the weaker' materials.

The use of concrete for the interior of walls under water-pressure is common because of the
greater thickness of such walls, and because of the greater density and impermeability of well-made
concrete. Care should be taken in settling the proportions of the materials of the concrete that the
lime shall fully occupy all the interstices of the shingle, sand, or metal used, and that it shall
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possess superior hydraulic properties if it is not actually a cement. The materials for the concrete

should not be too large, and it is believed that sand or a very fine gravel would produce a more
dense and reliable concrete than larger stuff. It is, however, very doubtful whether good uncoursed
rubble masonry, in which the stones are properly selected and fitted and carefully laid flush in

mortar by skilled workmen, would not be superior to concrete on the grounds of both solidity and
compactness, and such masonry has been adopted in the largest masonry dams yet constructed, and
with the greatest success. The masonry in the backs of weirs and dams for a few feet above and
below the range of the water-line should be of superior character, and the same may be said of the

faces of wharf walls, as such parts may be exposed to the shock of waves or floating bodies.

The copings of all retaining walls should be of good heavy and large stones laid as headers,

which may for wharf walls be cramped, keyed, or dowelled together. In weirs, beside the above
precaution, the joints should be very close, and the crest stones should be set with a counter-slope

to the direction of the current, the inner edge being rounded off to a semicircular form, which will

facilitate the discharge of the water over the crest, and render the stones less liable to displace-

ment. In brick walling the use of English bond is recommended, and half-bricks may be used as

every alternate header, so as to increase the bond in the interior of the wall. In brick walls the
pointing should be very carefully attended to, so as to resist the action of frost, and especially so

in walls with a batter on the face.

Dams and Weirs.—These structures require special care in founding equally with other retaining

walls. Water must be effectually excluded from their bases, so as to prevent waste of water, and
preclude all danger of their being blown up and forced forward. The foundations of dams are

sometimes connected with the rock on which they res' by large stones let, as dowels, into the rock

and projecting up into the wall, or by redan-shaped hollows, excavated in the rock into which the

masonry of the wall is, as it were, rooted and keyed. Through courses of masonry in dams are to

be avoided as forming planes along which leaks are liable to establish themselves ; and for this

reason the large French dams have been built of uncoursed rubble, the finest stones being reserved

for the facing. Dams and walls of reservoirs are often deprived of the water pressure at their

backs, and it is therefore necessary to examine their stability under the influence of their weight
alone, so that the maximum intensity of the pressure at the inner edge shall not exceed safe

limits.

Fig. 6501 gives the profile of a large dam across a river near Poona, in the Bombay Presidency.

It is designed by Fife to impound the river-water for irrigation and water-supply purposes.

The masonry, which is rubble stone set in mortar, made from a lime which is somewhat hydraulic,

weighs about 150 lbs. a cubic foot. The stone is blue basalt, of a specific gravity of about 2*8 or

2 • 9. Part of this dam is used as a weir. The value of q for this structure is a little greater than
one-fourth.

6502.
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Fig. 6502 is the section of a dam at Toolsee, forming a lake for the water-supply of Bombay.
It is designed by W. J. M. Eankine, and is built of heavy basalt rubble masonry, the lower

portions of the wall being set in a mortar of mixed lime and Portland cement, the rest in a mortar
from the ordinary Kunker lime of Salsette. For other sections of dams, see Figs. 2247 to 2255.

Harbour, Hiver, Bock, and Sea Walls are subject to the possibility of an infiltration of water
behind the masonry, while the water in front has been withdrawn, and the walls must be made
strong enough to resist water pressure. Provision must often be made for the contingency of the
erection of sheds for merchandise, or even warehouses, and for the storage of heavy goods, during
transhipment, on the ground behind dock and wharf walls.

Fig. 6503 is the section of the quay wall at the Dublin graving docks, by Halpin. The wall is

faced and coped with granite ashlars. Counterforts, 4 ft. 6 in. by 7 ft. broad, are placed at a distance

of 22 ft. from centre to centre. A puddle wall is placed along the back of the work.
Fig. 6504 is a section of the Hartlepool docks harbour wall, designed by John Rennic. Ashlar

facing of stone, 2 to 3 ft. long and 15 in. high, is used. Counterforts, 4 ft. by 4 ft. broad, are at

17 ft. distance from centre to centre. The wall is backed with puddle.
Fig. 6505 is the section designed for the sea wall at Bombay, and used in the Wellington

pier-works in that harbour. The wall is built of basalt rubble laid in ordinary lime and Aden
pumice mortar, and faced with large stones, 2 to 3 ft. long and 12 in. high, dressed about 6 in. on
beds and joints» There are no counterforts or puddle walls behind, and the foundations are con-



2744 EETAINING WALL.

crete. This wall has a rather narrow margin of stability, and consequently has shown some slight

signs of weakness.
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Fig. 6506 represents a wall at the Sunderland docks.
The river wall of the Bristol docks, by Brunlees, is shown by Fig. 6507. It consists of masonry

facing, with a core of concrete. The rubble is of stones 12 in. on bed and 4 in. in thickness, with
through stones at intervals. The wall is 109 yds. long.

Fig. 6508 is the river wall at the Grangemouth harbour, by John Macneill. It has a curved
face, and the counterforts are 5 ft. broad and 24 ft. apart from centre to centre. The wall is founded
°n

' îïu
ked with

'
concrete - Tne following is an extract from the specifications of the work ;—

• l e
footinSs to be in large sizes, the stones not less than from 4 to 5 ft. by 2 to 3 ft., and 12 in.

«tv,
g00<

u
t0Ugh <luality« S(luared and fair-worked breaking joint with each other,

ine wall to be carried up in courses varying from 12 to 15 in. in thickness, and the sizes to
be about 3 it. 2 in. by 2 ft. for headers, and 3 ft. by 1 ft. 6 in. for stretchers, and to be laid two

u tu
1
*
8

i

°ne header
'
and Pr°perly bonded together.

Lhe whole of the outer stone to be carefully selected as to quality and to be laid on its natural
or quarry bed, the upper and lower bed of every stone to carry its fuli thickness from front to back,
so trjat the bearing above and below mav be perfectly square and level throughout ; no pinning in
levelling will be allowed

; each stone to be brought firmly to its bed by a wooden mallet. The top
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course of stone to wall forming the curb, to be of good whinstone, and to be 12 in. thick, in large

sizes, and rounded on the edge, and to be placed round the whole width of wall, and well joggled
together. All masonry to be worked with chisel drafts round their faces, beds, joints, and backs,
and to be picked between the drafts, so that upon applying a ruler upon the face no part shall be
above them, and no more space than £ in. below them ; the outside face being worked with exact
regularity and neatness. The whole of the stonework is to be laid throughout on a thick bed of
mortar of the following description ;—1 measure of good stone lime, 1 measure of pozzolana, 2 mea-
sures of sharp clean sand free from rubbish, dirt, and other impurities."

Fig. 6509 is the river wall at Chatham, an example of a brick wall with curved outlines. The
counterforts are square and are 15 ft. apart.

Fig. 6510 is the wall of the pier head, built by the Board of Works, at Kingstown, Dublin.
The masonry is of heavy granite blocks, and the wall is backed with hand-set rubble, laid

without mortar.

6510.
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Fig. 6511 is the section of the sea wall at Penmaen Maur, by Eobert Stephenson. The facing

is of limestone ashlars, set in cement, for 18 in. inwards from the face. This section was adopted
after failures.

Retaining Walls and Revetments.—When springs occur behind or below the wall they must be
carried away by piping or culverts, and thus got rid of. The masonry at the back of the wall

should be left as rough as possible, so as to increase thereby the friction of the earth against it.

Weepers, or rectangular holes about 2 in. wide, are left in the masonry, so as to permit the free

escape of any water which may find its way to the back of the wall. In order to secure the more
perfect action of these weepers it is usual to place permeable materials, such as shivers and refuse

stone, or other waste of the building, or even coarse gravel, in a vertical layer behind the wall.

This arrangement avoids the possibility of wrater pressure at the back, and may, by the extra weight
resting on the offsets at the rear, add to the stability of the wall. The angle of repose of the earth

filling may be increased, and therefore the thrust reduced by packing it in counter-sloping layers of

about 1 ft. in thickness. When the stuff at the back of a wall cannot be thoroughly drained, or

when it partakes of the nature of mud, or quicksand, the wall must be designed to resist water
pressure, or rather the pressure of a fluid of the density of mud and water combined-. An econo-

mical method of relieving a wall of such pressure is to tip behind it a bank of sound material,

extending as far back as the end of the plane of natural slope ; or to build a dry-stone bank
betwreen the masonry and the treacherous material.

The thickness of a surcharged wall of vertical rectangular section is obtained from the following

formula ;

—

Let h be the height of wall ; c the height of surcharge ; x the thickness of a similar wall to

sustain a horizontal topped bank of height h ; x' the thickness of a similar wall to sustain a bank
with an indefinitely long slope or indefinite surcharge, as calculated by equation [25]; then the

thickness of required wall, x« = —
7 , _
h + ¿ e

The section adopted for brick walls on the London and Birmingham Railway is shown in

Fig. 6512. The counterforts are 4^ ft. wide, aud placed at intervals of 20 ft. Pilasters also break

forward one-half a brick on the face. The earth at the back was rammed in layers of 1 ft., extend-

ing to 6 ft. backwards. These walls began to fail in some instances when the strata sloped down
towards the wall, and were supported as shown in the figure by dotted lines : the upper struts

being cast-iron ribs the lower timber balks, extending to the walls on the opposite side of the

cutting.
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Fig. 6513 is the section of a retaining wall on the Dublin and Kingstown Railway.

Fig. 6514 is the section of a dry-stone retaining wall, adopted on an Indian ghaut road. The
stone is heavy basalt, carefully selected, and set with chip primings.

An example of a surcharged retaining wall is shown in Fig. 6515. The wall is used to support
the face of a cutting on the Dublin and Kingstown Eailway.

6515.
6516.

fort 1?

toewTi 6518.

Fig. 6516 is the section of a returned wing
wall, that is, a wing carried back into the em-
bankments in a line with the face of the bridge,

on the Clydach Valley Railway. A wing wall
of this class does not receive the thrust of the
whole prism of earth behind, owing to the near-

ness of the opposite wall, and it is also strength-

ened by the slope of the embankment which lies

outside it.

Fig. 6517 is the section of an ordinary stone
wing wall from an example of a bridge on the
Great Southern and Western Railway, Ireland.

Fig. 6518 is the section of a brick wing wall.

placed behind to catch the pressure of the earth.

6 ft. 9 in. apart from centre to centre.
Counterforts are projections of the masonry of the back of the wall, occurring at intervals of from

10 to 20 ft. They are generally rectangular in plan and elevation, but they occasionally may be
trapezoidal. Counterforts act by their weight in increasing the stability of walls, and as they may
be considered to bang on at the back, the bond at their junction with the wall must be carefully

attended to, and long headers, with hoop iron in the upper courses, should be used to bind them to

the wall. Provided this is attended to, the masonry of the counterfort itself may be of the most
economical character. The security, therefore, of their foundations is a matter of secondary import-
ance, as counterforts should be made to depend for support chiefly on their cohesion to the wall.

This principle we see frequently carried out in practice at the rear of the abutments of railway
bridges, where the foundations of counterforts are placed almost on the surface of the ground
under the embankments. In order that the morn-nt of the weight may have the greatest value,

counterforts should not receive any batter.

A peculiarity noticeable in this wall is the shelf

The counterforts are 1' 9" broad, and are placed
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Long thin counterforts are considered to act advantageously by breaking up the pressure of the

earth ; and Hope conceived that a wall might become a mere shell, exposed to hardly any pressure

if the earth were supported by its friction against the sides of long, but thin and frequent, counter-

forts. The extension of this principle is the introduction of relieving arches, described farther on.

Counterforts are especially useful for military works, where they limit the destructive effect of
projectiles to those panels of the wall actually struck. The spacing of counterforts is usually
de:erruined by the practice of engineers, which makes it about three times the thickness of the wall
between ; or, it may be obtained by solving the equation for the stability of a counterforted wall

in terms of L for an assumed breadth of wall and given dimenai' >ns of counterforts.

Kondelet gives a rule for the dimensions of counterforts that they should have the same length
of face c, as the breadth of the wall, and their projection should be twice this dimension. In other

words, c = x
l
and z = 2 xv The stability of a counterforted wall is calculated by taking the sum

of the moments of both the panelled and the counterforted portions of the wall round the respective

limits of deviation of the resultant from the centre of the base, just as in uniform walls, and dividing

the sum by the length of wall. In Figs. 6519, 6520, let L be the length of wall between the

counterforts ; c the length of one counterfort along the line of the wall ; z the thickness of the
counterfort perpendicular to the face of the wall ; x

x
the thickness of the wall independently of

the counterforts.

TT I

Then w, h { L q x- + c (je 4- z) . q (x + z) } = —- (L + c).

=V H c z ¿

+

and
o ic

l q L + c \L + c/ L + c

cz c z

*=^?) m + X2 — X.

[43]

[44]

The unit of length is here L + c instead of 1 ft. as in all other cases.

There is always a small saving by the use of counterforts instead of a plain wall of uniform section,

the ratio of the quantity of masonry in the former and the latter being L x
i + c (x

l + z) \ (L + c) x
when x is the thickness of the uniform wall.

6519.

6521. 6522.

PLAN
6520.

Believing Arches are sometimes built on the counterforts, as piers. Their object is to carry the

whole of the superincumbent filling, so that none of the earth pressure may come on the wall, which
therefore b«. comes a mere shell blocking up the faces of the arches. The arches may be in one or

more tiers, the length being regulated so that the natural slope of the earth touching the crown of

the intrados of the arches shall not cut the back of the wall, over the extrados of the arches in the

next tier below. Fig. 6521 represents a section of such wall with two tiers of arches. Fig. 6522

shows the back view of same.
To compute the length of the arches and counterforts, let d be the depth of the crown of the

arch below the surface, h
z
its clear height, the angle of repose of the earth ; then, approximately,

the length is

r = cotan. 9 ( h
3 +

and
( (1 + sin. 0)*

z tan. 8 —
(1 + siu. 6)-

[15]

[46]

In soft ground the bases of the counterforts may be connected by inverted arches.
Buttresses differ from counterforts in that they are projections placed in front ^f the wall, and
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act by increasing the leverage of the wall. The whole mass tends to turn over the outer eo>e of
the buttresses ; therefore the intensity of the pressure throughout their substance is very great ;

and consequently their foundations should be made very secure, and should present as well the
greatest possible resistance to compressibility. The foundation beds, as well as the coursing planes
should be at right angles to the resultant pressure. The masonry should be of the best description!
and the form should be triangular, the bond at the junction with the wall being well secured.

Buttresses are more economical than counterforts, but they can only be used where there is a
free space in front of the wall, and where the question of space or value of land presents no
difficulty. They are also inapplicable in quay and river walls, where face projections would be
inconvenient and dangerous to vessels.

The stability of a buttressed wall is thus calculated ;—Let L, Figs. 6524, 6525, be the length of
wall between buttresses ; c the length of buttress along its face ; z its thickness or projection from
the face

;,
x
?
the thickness of wall. Then for a vertical rectangular section of wall, with triangular

buttresses, if the moment be taken round a deviation q z from the centre of z,

W-y h {CL + .)^(* + {+ 9 .) +V :

.(5+i.)-=T<L +*

*Xjty —

and

a/ 2 H 1 + 6 a cz* '
I

[47]

= a/ 4H(L + c) 6 a8
(L + c) Í3 + 6? /L + e\ y 3 + 6g L + c

3 10,(1 + 6^) (l + 6q)c
+ U + 6ff\ c J) l + 6q c

[48]

6523.

If the buttresses are placed close together, the panel between may be formed by an arch of
only a couple of feet in thickness, and of small versed sine. Retaining walls have been so
constructed on the Metropolitan railways, Fig. 6523.

The stability of such a structure, Figs.

6524, 6525, may be calculated by the same
formula as that used for a buttressed wall
without much error ; and if the weight of

the arch be neglected, the following simple
formula may be used for rectangular but-

tresses • w
t
z h c q z — —— (L + c),

... „ = ••_=_. i±£
3w

l q c

For triangular buttresses ;

—

= %/ 4H L + c

Wi(l + 6 3)

PLAN
6525.

If the weight of the arch is taken into

account, the formulae [47] and [48] may be
used without appreciable error.

Land-ties and Struts are of the nature
of artificial counterforts and buttresses, and
have been adopted as a supplementary
measure to strengthen walls which have
shown symptoms of failure.

Land-ties act as anchors at the backs
of walls, and consist of iron bolts passing
through the masonry, and attached to the
centre of pressure of large iron plates im-
bedded in the solid earth behind the wall, the pressure being distributed over the face of the wall
by broad washers.

When intended entirely to resist the sliding of the wall, land-ties are fastened at one-third the
height of the wall; but if the sliding is to be resisted equally by ties and the foundations, they
should be placed at two-thirds the height above the base. Their position is therefore indicated by
the symptoms of failure obseived.

The following represents the holding power of land-ties ;—Let W be the weight of a cubic foot
of the earth

; 6 the angle of repose ; c?, and d respectively the depth of the upper and lower
edges of the plate below the surface ; E the holding power in pounds a foot in breadth of plate,
_^d2 — d2 4 sin.

, , j ». ,
- vv —o— *

9~fl
' aT1^ *^e Positiou of the centre of pressure of the plates at which point the

rods should be attached, is - — ^ > measured from the surface of the ground.
3 a2 - d

x

l

Struts, either of masonry or cast iron, may be used to prevent a wall from coming forward. They
may abut against a mass of masonry sunk in the ground in front of the wall, or if in cuttings,
aga,mst the opposite wall. Those strutting the foundations may take the form of inverted arches,
while the upper parts of the wall may be held apart by arched ribs of large curvature, springing
at a point two-thirds of the height from the base. The expediency of adopting this method of
adding to the stability of a wall as a primary design, should be determined by the cost of such
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work considered in relation to the value of the land adjoining. Hoskins proposed brick arches
below and above, the upper strut arch having an inverted arch over it to keep it down at the
crown ; and he shows in a paper read at the Institution of Civil Engineers that for a double line

of railway of 4 ft. 8£ in. gauge, in 65-ft. cutting, the arrangement he proposed would save nearly
one-third the cost. The principle of masonry arched struts was introduced by A. J. Adie in the
Cliorley cutting, on the Bolton and Preston Railway, where, in a 60-ft. sand cutting, he used walls
20 ft. high, one-fifth the height as breadth at base, a batter of 2 ft., and buttresses 2 ft. 6 nx, with
rubble strut arches at 16^ ft. intervals. Cast-iron arched struts braced at the crown were used to
support the failing walls on the London and North-Western Railway, and were adopted in the
original construction of the retaining walls of the London Metropolitan Railway where the line

passes through deep open cuttings.

See Dam. Harbour. Masonry.
Boohs on Retaining Walls ;—Moseley's * Mechanics of Engineering and Architecture.' Weisbach's

' Principles of Mechanics.' Mahon, ' Civil Engineering,' by Barlow. Eankine's ' Civil Engineering
and Applied Mechanics.' Scheffler, ' Traite de Stabilité des Constructions.' Murray's ' Treatise

on the Stability of Retaining "Walls.' Neville's paper in vol. 1 of ' Transactions C. E. Inst., Ireland.'

Jacob (A.), ' Practical Designing of Retaining Walls.' Dempsey's 'Practical Railway Engineer.'

Professional papers of Indian Engineering—papers therein on Retaining Walls, by J. H. E. Hart,

and others.

RIVERS. Fr., Rivières ; Ger., Flüsse ; Ital., Fiume; Span., Ríos.

Rivers are natural water-courses which drain the tracts of country through which they flow.

Hence their magnitude depends on the extent of the basin which they drain ; and the volume of

water which they discharge at any given time varies with the amount of rainfall immediately pre-

ceding that time. In this they differ from canals, which, being supplied with water chiefly by
artificial means, preserve a nearly constant volume. Rivers differ from canals also in being of

irregular section and varying inclination ; and as their course has been determined by the action of

their own water constantly tending to a lower level under the influence of gravity, it presents a
continual succession of sinuosities and other irregular features which do not exist in canals. More-
over, as many of them discharge directly into the sea, they may be exposed to tidal influences in

those portions which are in immediate proximity thereto.

From an engineering point of view a river consists of two distinct portions, the upper, or river

proper, and the lower, or tidal portion ; for the works required for the improvement and conserva-

tion of each of these divisions are of a totally distinct character. In the river proper, these works
consist chiefly of embankments for protecting the adjacent lands from floods, of piling, walling, and
other means for protecting the banks from the corroding action of the stream, and of weirs thrown
across the stream for the purpose of forming stretches of canal, with cuts and locks to connect the
different reaches. In the tidal portion the works are of a more varied and extensive character, and
consist in widening and deepening the bed, and in straightening the course of the river, in the
removal of bars and shoals, and the construction of walls to guide the tidal cm-rent, and in the
formation of new cuts, and the closing of subsidiary channels. We shall treat these divisions

separately, and shall consider first the upper portion or river proper. Before any engineering work
connected with rivers can be designed and the cost estimated, it is necessary to possess full and
accurate data respecting the velocity and the discharge of the river in question, the form and nature
of its bed and banks, its slope and width, with various other information bearing on the subject,

especially that to be derived from tidal observations. These data can be acquired only by means
of careful and minute surveys, soundings, probings, and borings, and an extended series of obser-

vations on the influence of tides and floods. We shall therefore consider briefly these means of
obtaining the necessary preliminary information before entering on the subject of the works them-
selves, omitting, however, the details of triangulation and determining of base lines for the purpose
of obtaining the plan of a river. These matters belong to surveying in general, and they will be
more appropriately treated of in another place»

In the tidal portion of a river the level of the water is constantly changing. If this change of

level were uniform and showed itself simultaneously throughout the whole of the tidal portion, that
is, if the level rose or fell to the same degree at every point at the same instant, a very limited
series of observations would be sufficient to enable us to determine accurately the form, inclination,

and character of the bed of a river, with other data necessary to the designing and executing of

engineering works. Such, however, is far from being -the case, and any estimates made on that
assumption would be liable to serious error. When the level at the mouth of a river begins to rise

in consequence of the returning tide, it does not immediately influence the descending stream
above ; the latter continues for some time to descend with the same velocity as when the level at

the mouth was at its lowest point, and this velocity is checked only gradually from the mouth
upwards. The consequence is that near the mouth of the river the water becomes heaped up,
being held above its natural level by the dynamic force of the descending stream. As this force is

gradually overcome the elevated level ascends the river. But before it has reached a very con-
siderable distance up the stream, the tide again recedes from the mouth and the water there heaped
up flows out to sea, thus producing a declivity in the opposite direction. In this way, in very large
rivers, there may be several tides in the river at one time, as in the Amazon, for example. But in
the comparatively small rivers of Europe, we shall hardly find the influence of more than one tide.

If the above wrere the only disturbing agencies, we should still have some degree of regularity and
uniformity that wrould enable us to determine from the ascertained influences at work in one river
the character and extent of those in another. Other agencies, however, do exist, and they often
exert a powerfully disturbing influence. These are chiefly sudden widenings and contractions of
the stream and abrupt turns, and the form and extent of the mouth which receives the tidal wave.
As no two rivers are alike in these respects, it is necessary to make in every case an extended series
of observations in order to determine accurately the degree of tidal influence at any given point.

As an illustration of the preceding remarks we give an example from Stevenson. The observa-
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tions made by him on the river Dee, between Flint and Chester, a distance of eleven miles, show
conclusively the existence of the elevated level and the necessity for accurately ascertaining the

form and position of the tidal lines. Fig. 6526 shows the height of the tide at Flint, Connah's Quay,
and Chester at a given time. The full lines are those which were ascertained by observation ;

the dotted lines indicate the probable direction when, for want of additional stations, they could

not be certainly determined.
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The tide, as will be seen from the figure, began to rise at Flint at 8 hours 40 minutes;

at ]0 hours 15 minutes it had risen 12 ft. 8 in., and at that time had just appeared at Connah's
Quay, the surface of the water at Flint being 5 ft. 4 in. above that at Connah's Quay. At
11 hours 20 minutes the tide had risen 18 ft. 4 in. at Flint, and was one foot above the level of the
water at Connah's Quay, and 7 ft. 10 in. above that at Chester, where the tide had just begun to
appear. Thus, while at low water there is a fall of 11 ft. from Chester to Flint, there was,
at the time above mentioned, a fall of no less than 7 ft. 10 in. on the surface of the water from
Flint to Chester. At 12 hours 10 minutes it was high water at Flint, and at that time there was
a fall of 1 ft. 7 in. to Chester ; but the high water at Chester did not occur till one o'clock, by
which time the water at Flint had fallen 2 ft. 2 in., and the fall on the surface of the water from
Chester to Flint was 3 ft. 1 in. Fig. 6527 shows the lines of ebb tide on the same day. It will be
seen by referring to this figure that the water subsides gradually, and that the tidal lines approach
much more nearly to parallelism and horizontality than during flood tide. The upper lines of
these figures correspond with the tidal line when it is high water at Chester.

These facts show the necessity of carefully observing the effects of the tide previous to under-
taking soundings and borings in the tidal portion of a river. A simple and effective mode of
conducting these observations is to erect at proper intervals throughout the portion to be surveyed
a number of tide-gauges similar to that shown in Fig. 6528. These are merely l|-in. planks, from
5 to 7 in. broad, and graduated to feet, halves and quarters. A more minute division would only
prove embarrassing to the observer, especially when the gauge is situate some distance from
the bank. Considerable judgment is required to select proper stations for these gauges. Disturb-
ing influences, such as enlargements and contractions of the streams, bends, inequalities of bed,
and exposure to the action of the wind must be considered and the gauge placed so as to detect
and correct them. In selecting a station, care should be taken to place the gauge in a conspicuous
position, that is, with a bank, quay, wall, or other structure as a back-ground, so that the divisions
may be clearly seen. Of course, the greater the number of stations, the more correct will the
result of the observations be ; but it is hardly practicable to multiply them beyond a very limited
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number, by reason of the difficulty of obtaining and superintending a large number of men to

make the observations. For it is evident that unless the work is carefully performed and
precautions taken to correct variations of time among the numerous observers, the results must be
erroneous. For this reason, it is better to have only a few well-selected stations, and to make the
soundings during the ebb when, as the example quoted above shows, the lines are more nearly
parallel. The observations should extend over a period of twelve hours at least, and they should
be taken every ten minutes, and entered in a book provided for that purpose. When a sufficient

number of observations have been made, it only remains to ascertain the relative levels of the
gauges. This is an ordinary levelling operation, but it requires great care, and, to avoid error,

should be performed at least twice.

"We shall now show how these tide-gauges are made use of to correct the depths of the
soundings. The datum line to which the depths are reduced is usually that of high water of an
ordinary spring tide. Let D be the height of this line upon the gauge. Suppose now a sounding
taken near the gauge, and let d be the depth of that sounding. If H be the height of the water
upon the gauge at the time when the sounding is taken, the corrected or reduced depth 5 = d +
(D — H). When H exceeds D, which may happen in the case of an equinoctial tide, the formula
becomes 8 = d + (H — D). This formula gives true results for depths near the gauges, but
might lead to considerable error in those at a distance from the gauge, in consequence of the tidal

lines not being parallel to the line of high water. The obvious remedy for this is to increase the
number of gauges ; but as we have already pointed out, there exist difficulties which render this

impracticable. The only means of avoiding a liability to error in this respect is to take the
soundings during the ebb when, as the above example shows, the tidal lines are most nearly

parallel to high water.

The method of taking the soundings is very simple, but it demands great care on the part of the
operators, as slight errors of observation may occasion serious errors in the protraction of the work.
To perform the operation satisfactorily, a boat is requisite, manned by three men, two to row the boat,

and the third to steer her straight across by keeping two objects on the opposite bank in line. One
observer is then free to take the soundings, and the other to observe the angles for the purpose of

fixing the positions and to register the soundings. When the depths do not exceed 10 ft , a light

iron rod is preferable to a line to sound with; it should be graduated in the same way as the tide-

gauge described above. The soundings should be taken in straight lines across the river, the
distance of the soundings apart as well as that of the lines of soundings, being determined by the
degree of accuracy required. It is, however, in all cases desirable to take them more frequently

in the low-water bed of the river than between that and the shore, as this gives the greatest navi-

gable depths, shows the rise of the tide, and is required in the longitudinal section. Sextant
observations are requisite to fix the positions of the lines of soundings. When the river is narrow,

it will be sufficient to fix the extremities only ; but in broad estuaries, several observations will be
required along each line. The mode of registering the observations and soundings in the field-

book is as follows ;

—

Stations. Angles. Time. Depth.
Height of
Tide on A
Tide-gauge.

Reduced
Depths.

Remarks.

deg. min. h. m. ft. in. ft. in. ft. in.
Datum high water on
A tide-gauge 3 ft. 10 in.

Station X .

.

113 17)
Station Y .

.

68 8} 9 20 1 5 3 1 2 2 Eock bottom.
Station Z .

.

43 27)
9 25 3 3 1 3 9 n
9 31 3 9 3 4 7 »
9 36 4 2 3 5 it

9 41 4 10 2 11 5 9 ii

9 47 6 9 2 10 7 9 ii

9 52 7 1 2 10 8 1 ii

9 57 6 8 2 9 7 9
ii

10 3 9 1 2 8 10 3 ii

10 9 10 7 2 8 11 9 Gravel.
10 17 10 8 2 7 11 11

J9

10 24 11 2 6 12 4 M
10 31 10 11 2 5 12 4 n
10 37 10 6 2 5 11 11 u
10 45 10 3 2 4 11 9

99

10 51 10 2 2 3 11 9
yg

10 58 9 11 2 2 11 7 1}

11 4 9 2 1 10 9
1)

11 12 8 3 2 10 1 n
11 18 6 4 2 8 2

II

11 25 3 10 1 11 5 9
ÌÌ

In the above register only one observation is recorded. It would be necessary, however, to take
another at the opposite bank, at least ; but generally it would be desirable to take one at every
four or five soundings. In some cases, it is requisite to take an observation at every sounding.
The fall from the datum line to the surface of the water is ascertained by the ordinary process of
levelling. Fig. 6529 is the section of the river, as protracted from the above register. In order to

reduce the soundings to low water, and to determine the height of sand-banks above the low-water
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line, a line should be taken at low water along the middle of the low-water channel, throughout

the whole extent of the survey. This is done by rowing gently down the stream and takiug the

soundings at regular intervals in the manner described above. The intervals may be determined

with sufficient accuracy by counting the strokes of the oars.

6529.

!> '#» "*«• -9*
C
t> '*> «os, 'ft ^J

'»^ 'tyj 'cj '^. :

<jj |cj '^ '*» 'Ti '*> *TJ

One of the most important preliminary observations connected with the execution of hydraulic

engineering works is the determination of the cross-sections of the bed of a river by boring or

probing. For it is by this means that the nature of the bed is ascertained. In deepening a river,

for example, it furnishes the data for determining the line of the excavation, the most suitable

means of executing the work, and the probable cost. And in selecting a site for a pier, or other

engineering structure, boring constitutes the only available means of ascertaining the form and
composition of the ground which is to serve as the foundation.

The mode of carrying out borings of this nature is very simple ; but it demands the greatest

care to avoid erroneous results. And it must be borne in mind that a slight error committed in this

operation may lead to very serious consequences. The most convenient time for making the borings
is at low water. The places at which the borings are to be madeand the intervals apart should be
all determined before beginning the actual operations. In making the selection, the engineer must
be guided by the objects of his investigations and the Character of the river's bed. When the
survey is made solely with reference to the improvement of the navigation, sections are, in general,

required only where fords or shoals occur, and in such cases one or more lines of section will be
decided upon, according to the extent of the shoal. In other cases, where the bed is irregular, and
rock is found at intervals, either bare or covered with a few feet of sand and gravel, numerous
sections will be necessary. The positions of the lines of section should be marked by a stake,

which stake should be placed with reference to the datum, employed for the soundings, so that the
depths of the borings may be referred to that datum. It will be necessary in all cases to erect a
tide-gauge previous to commencing boring operations to indicate any change of level that may
occur while the work is being carried on.

A section of the bank from the stake to the edge of the water is first made in the usual way
with the spirit level and rod. The borings are then taken at intervals of 10 ft. and upwards,
according to the nature of the bed and the object of the inquiry. To ensure accuracy and uniformity
in the intervals, some engineers stretch a cord, graduated to the proper intervals, across the river,

and support it upon rods driven into the bed of the river for that pupose; the section of the
opposite bank from the water's edge to the high-water line is made in the same way as the first

portion.

The borings, or more strictly speaking, probings of the bed of the river are made with iron rods

1£ in. in diameter and about 18 ft. in length. They should be steeled at the points, and graduated
to feet, half-feet, and quarters with chisel marks. The mode of working these rods is to jump
them into the bed of the river from boats, unless the material to be bored through be too hard to

admit of this, in which case they are driven with a light hammer. When a difficulty is found in

extricating them, a purchase may be applied from the side of the boat.

The depths of the borings must be registered as they are taken, and afterwards corrected
with respect to the datum. To ascertain the depth of the boring, it is only necessary to deduct that
of the water from the total length of rod immersed. The following is the manner of keeping the
field-book usually adopted, the fall from the datum line to low water being 3 ft. 9 in. ;

—

Corrected Depth Corrected Depth
Depth of Water. of Water below

Datum.
Distances. of Boring below

Datum.
Depth of Boring.

ft. in. ft. in. feet. ft. in. ft. in.

8 11 9 100 13 1 1 4 through gravel to rock.

8 2 . 11 11 110 14 1 2 2 » j?

8 7 12 4 120 14 4 2 » »
8 7 12 4 130 14 2 1 10 » ti

8 2 11 11 140 14 7 2 8
1) 5»

8 11 9 150 15 5 3 8 V J>

8 11 9 160 15 7 3 10 n »
7 10 11 7 170 15 7 "4

>•> »
7 10 9 180 15 3 4 6 > »
6 4 10 1 190 14 5 4 4

j' »
4 5 8 2 200 14 5 10

J> V
2 5 9 210 13 11 8 2 » »
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The borings in this case are upon the same line of section as the soundings in the last figure.

Fig. 6530 is the section as protracted from the above register. The borings were continued from
the low-water to the high-water line.

6530,

The discharge of a stream is usually estimated by the number of cubic feet of water that passes

along its channel in a given time, as one second. To determine this quantity, it is necessary to ascer-

tain the mean velocity of the stream, the discharge being equal to the product of the area of the
section by the mean velocity. The area of the section is found by the soundings ; but it is essential

to accuracy when computing the discharge, to select a section at a point in the stream where the
equable flow of the water is not disturbed by great irregularities of the bed, or by unusual impedi-
ments. The velocity of a stream is greatest at the surface and at that point in the surface which
is situate over the greatest depth. It decreases gradually towards the bed and the banks in con-

sequence of the friction of the water upon their surfaces. When the section of a stream is uniform,

the mean velocity may be deduced at once from the greatest velocity by a simple formula. In
rivers, however, we never get a uniform section, and it becomes, therefore, necessary to find, by
direct experiment, the greatest velocities at several points in the breadth of the stream. The
section obtained by the soundings shows the breadth divided into a number of equal lengths by
the lines of sounding. We have, then, only to find the greatest or surface velocity in the middle
of each of these lengths, and to deduce from it the mean velocity in that portion of the stream
which is enclosed by the two sounding lines. The area of this portion multiplied by the mean
velocity will give the discharge in that portion or compartment of the section. The sum of the
products of all these elementary areas by the elementary mean velocities, or the product of the total

area of cross-section by the mean velocity, as a mean of all the elementary velocities, will be
approximatively the discharge of the river. W'e say approximatively, because it is impossible to

obtain a formula that shall give the mean velocity exactly under all circumstances. In large

rivers the mean will be higher than in small streams, and there will always be local disturbing

influences, the action of which cannot be included in the expression of any general formula. It is

obvious that the approximation will be in proportion to the smallness of the divisions or elementary
areas described above : but in practice it is seldom necessary to determine the discharge with great

precision. It will generally be sufficient, when the soundings are taken at small intervals, to make
the area between three souudings the elementary area, and to determine the velocity at every
second sounding.

Several means are employed to determine the surface velocity. The most simple is to note the
time of transit of floating bodies over known distances. For this purpose, very light bodies must
be selected. But this method is liable to error, by reason of the irregularities and eddies of the
current, caused by irregularities of the bed, and by the influence of the wind upon the float. There
are also difficulties in employing this method on broad rivers where the float cannot be observed
from the banks. A more trustworthy means of ascertaining the velocity is the tachometer. This
is a small instrument provided with fans, like those of a windmill, to which motion is communi-
cated by the water. The velocity is deduced from the number of revolutions of the axle. This
instrument can be used at any depth. A still more accurate instrument is Pitot's tube as modified
by Daicy. We have fully described it in the article Hydraulics. Like the preceding, it may be
used for any depth.

When the surface velocities have been ascertained, the next step is to reduce them to mean
velocities. This is readily effected by means of the following rule, due to Dubuat ;

—

" If unity be taken from the square root of the surface velocity, expressed in inches a second, the

square of the remainder Is the velocity at the bottom, and the mean velocity is half the sum of these

two."

Thus, let a be the surface velocity, ß the bottom velocity, and y the mean velocity, all in incnes.

Then ]8 = (Va — l)2 and y = —-— . Hence we have the following formula for deducing the
et

mean velocity directly from that observed at the surface ; y =
z

By means of the tachometer, or Darcy's gauge, the mean velocity in each of the divisions or

partial areas of the section may be determined without the aid of formulae. To do this, it is only

necessary to measure the velocity at several points in the depth of the stream and to take the mean.
When a close approximation to the true discharge is not desired, the quantity may be found

from formulée, without resorting to the actual measurements described above. By this method the

mean velocity is computed from certain measured quantities of which it is a function. There are

iwo classes of formula proposed for this purpose. Those of one class are based upon the supposition

8 N
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of uniform motion, and those of the other class upon that of permanent motion. The former requires

that the cross-section of the channel shall be invariable and the slope of the fluid surface constant.

In other words, if we suppose the stream divided into straight filaments, parallel to the direction of

its motion, the velocity may vary for different filaments, but not at different points in the same
filament. According to the theory of permanent motion, on the contrary, the cross-section and slope

of the fluid surface may vary, but the discharge through the different cross-sections must be iden-

tical; that is, the stream is supposed to be divided into filaments parallel to the general direction

of the motion, varying from point to point in diameter, and therefore in velocity, but unvarying in

discharge
Evidently the latter supposition is more in conformity with the actual condition of rivers, but

the formulai which are based upon it differ from those for uniform motion only in containing an
expression that takes into account the changes of vis viva caused by changes of cross-section. Con-
sequently, if these variations of cross-section are unknown, the only distinctive terms between the
two formulai disappear. As this is generally the case, formulée for uniform motion are almost
exclusively employed. Numerous formulas of this class have been proposed by eminent hydraulic
engineers, and it must be confessed that the results obtained from them are conflicting. Some of

them, however, give results pretty near the truth. Among these, the simplest and probably the
most accurate, is that of Chezy, and it is the one now generally adopted for large bodies of water in

rapid motion. This formula is the following ; V = B a/ r s, in which V is the main velocity of

the river in feet a second, r the hydraulic mean depth, s the sine of the slope, or the fall of the
water surface in one English foot, considering the channel straight and nearly uniform, and B a
certain coefficient.

The value of B as adopted by Chezy is not known, as it is not found in any of his papers ; but
several different value8 have been assigned to it by subsequent engineers. Thus Young, for large

streams, adopts 84 3, Eytelwein, 90 4. D*Aubuisson, for velocities over 2 ft., used 95 6. Leslie, for

email streams, adopts 68, and for large streams 100. Beardmore uses 94*2. Neville, for straight,

rapid rivers, with a velocity of 1*5 ft., adopts 92*3, and for greater velocities 93*3. Stevenson, for

small streams, adopts 69, and for large streams 96. It will be seen from this that considerable

diversity of opinion exists concerning the value to be assigned to B. The reason of this lies in the

fact that what is true for a perfectly uniform channel, like that prepared for purposes of experi-

ments, is not true for an irregular channel like the natural bed of a river ; and engineers in trying

to adapt the value of the coefficient found for the uniform channel to the requirements of a natural

river, have been thrown back upon their own experience. And as no uniformity exists among those

numerous influences which affect the flow of a natural stream, none was to be expected in the con-

clusions arrived at. What, for instance, has been found to be true of the Mississippi, may be far

from the truth in the case of such a river as the Thames. Hence the discrepancy shown in the

values of B as determined by different authorities. A value, however, which will give a very
closely approximative result when applied to the rivers of England, is 89. With this coefficient, the

formula becomes 89 s/ r 8, from which the discharge of the river may be easily calculated.

It may be necessary to remark that care should be taken when gauging a river in a portion that

is within the influence of the tide that no under-currents exist, as these would vitiate the results

obtained from the mean velocity. The existence of under-currents may be ascertained by means of

the instruments already described.

The velocity of a stream is closely related to the stability of its channel. The wearing action of

the current, against which it is one of the chief objects of engineering works to protect the banks, is

dependent on the velocity of the water and the nature of the materials through which the channel
passes. Some interesting experiments made by Dubuat show the relation existing between the
velocity of the current and the stability of the channel, from various substances. He found that the
greatest velocities close to the bed consistent with the stability of the following materials are

—

For Soft clay 0*25 foot a second.

„ Fine sand .. 0*50 „ „
,, Coarse sand, and gravel as large as peas .. .. 0*70 „ „

„ Gravel as large as French beans 1*00 ,, „

„ Gravel 1 in. in diameter 2*25 feet a second.

„ Pebbles 1^ in. in diameter 3*33 „ „
„ Heavy shingle 4 • 00 „ „
„ Soft rock 4 '50 „ „

„ Rock, various kinds of
{an^upwards.

"

When the bed of a river is composed of such materials that the greatest velocity of the current at
times of flood is insufficient to set them in motion, the channel is said to be in a permanently stable
condition. If the materials are of such a nature that the current is sufficient to move them only
when swollen by flood-waters, the condition of the channel is described as stable. And when the
materials are unable to resist the force of the current at ordinary times, the condition of the channel
is unstable. Dubuat has shown that the bed of a river in an unstable condition presents a series
of transverse ridges having a gentle slope on the up-stream side and a rapid slope on the down-
stream side. The particles of matter, whether of clay or sand, are rolled up the gentle slope to the
summit of the ridge, whence they fall into the next furrow. Here they remain until the removal of
the whole of the preceding ridge leaves them again exposed. The motion of the particles produced
in this way is much more rapid than we might suppose. Dubuat's experiments showed that with
a velocity of 1 ft. a second sand travelled in the manner described above at the rate of about 19 ft.

in twenty-four hours.
When the banks of a river are unstable, the course of the channel is continually undergoing
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change. If we suppose the course originally straight, it is evident that it cannot long remain so,

for a very slight obstacle is sufficient to cause a deviation of the current, which is thus directed

against the opposite bank. This bank being unstable, is gradually scooped out at that point by
the action of the current, and the earthy matter held in mechanical suspension by the water is gra-

dually deposited in the stiller portion of the stream against the other bank. Thus, while one bank
becomes more concave, the other becomes more convex, and in this way a bend is established. On
issuing from this bend, the current is directed against the opposite bank, and another bend is esta-

blished in the contrary direction. This action is continually repeated down the stream, and is one
of the causes of the sinuosity noticeable in the course of rivers. It is also evident that this sinuosity

must go on increasing until stable ground is met with.

There is also another influence to which we must call attention, namely, the constant tendency
of a stream to widen its bed. Other things being equal, the sides of a water channel resist the

action of the current less than the bottom. But independently of this action, the banks are exposed
to that of atmospheric influences as well as to that of gravity ; hence they crumble and fall, whilst

the same action of gravity pressing the materials that form the bed upon those lying beneath,

increases the friction, and so renders their displacement more difficult. Moreover, the earthy
matters that fall from the banks are swept away by the current, leaving the gravelly portion to

increase the stability of the bed. Thus the breadth of the bed of a river at any given point will,

comparatively to its depth, be in proportion to the stability of the ground at that point.

It must be borne in mind that the sinuosities of a river alluded to above, by increasing

the length of the channel upon the same absolute slope, diminish the relative slope and con-

sequently the velocity of the current. The flow of the fluid mass being retarded, its breadth and
height of surface will be increased, and hence may result inundations and injury to property.

The diminished velocity also tends to establish equality between the force of the current and the
resistance of the materials of which the bed is composed, and thus to promote stability.

Intimately connected with the stability of a river's channel is the relation which exists between
the velocity of its current and the weight of the particles of solid matter held in mechanical suspen-
sion. It has been remarked that the earthy matter scooped out from the bank by the force of the
current directed against it was deposited in other places where the velocity was less. Also the beds
of rivers, except in parts where the velocity of the water is very great, are composed of particles

which have been brought down by the stream. As this deposition of matter changes the configu-

ration of a water channel, it is important to know how rapidly it may go on, and how long it may
continue. This is, indeed, one of the questions which, at the outset, claim the attention of the

engineer engaged in designing river improvements. The earthy materials brought down by the

water are obtained from two sources. The first of these is the banks of the river and of its feeders.

The particles seized upon by the current are carried along until they are whirled into a part out of

the force of the current or until they come to a part of the river in which the velocity is reduced,
where they are deposited. The heavier portions will thus soon come to rest ; the remainder, how-
ever, may never be deposited in the river at all, as the velocity may in no part be sufficiently

reduced to allow the deposition to take place ; for the water never being charged to its maximum
carrying capacity from this source alone, a considerable reduction of velocity is necessary to cause
deposition.

The second and chief source of sedimentary matter is the surface of the country drained by the
river. The matters obtained from this source are brought down the streams by flood-waters, that is,

by the surface water which finds its way into them. The quantity of sedimentary matter poured
into a river from this source may be imagined when we consider the turbid character of surface

water, especially after periods of drought. Thus, in times of flood the river may be charged fully

up to its maximum capacity. Dupuit has demonstrated that the power of suspension is due to the
fact that the different layers of water are actuated by different velocities, and thus exert different

pressures upon different sides of the suspended atoms. Hence the greater the difference in the
velocities of consecutive layers, the greater will be the power of suspension. Now it has been con-
clusively proved by direct measurements that the change of velocity from layer to layer is, in hori-

zontal planes, greatest near the banks and least near the thread of the current ; and in vertical

planes parallel to the current, greatest near the bottom and hiirface, and least at a point about 0*3

of the depth below the surface, where the absolute velocity has its greatest value. Consequently,
if the water be charged to its maximum capacity with sedimentary matter, the greatest amount will

be found near the banks and near the surface and bottom, and the least amount near the thread of

the current and near the layer 0*3 of the depth beneath the surface. If, on the contrary, the water
be under-charged, the distribution of sediment will follow no law, and excepting the part near the

bottom where, by reason of the suspending power being much greater there than elsewhere, there

will always be an accumulation of matter, the quantity at any point will be determined by the acci-

dental circumstances of eddies and other interruptions to the flow.

When a stream is charged with sediment to its maximum capacity, it is evident that the slightest

reduction of its velocity will cause deposition. Thus, a projection of the bank, a bend, the abutments

of a bridge, or any similar impediment to the current, causes a diminution of velocity in that portion

of the stream which is most heavily charged with sediment, and the space above the impediment,

as far as its influence extends, silts up. An increase of breadth in the river channel reduces th*

velocity of the whole current, and the suspended matter is deposited over the whole bed : thus the

height of the bed becomes raised. But, as we have seen, the suspended matters arc not equally

distributed over the stream, and therefore they are not deposited equally over the bed. Hence are

produced deviations and divisions of the current, shoals, and frequently inundations.

This silting up of river channels is one of the chief questions claiming the attention of the

engineer who proposes altering the channel in any way; and he should ascertain, previously to

designing any work that will affect the flow of the current, the quantity of sedimentary matter held

in suspension by the water, both when the river is in its normal and when it is in an abnormal
S N 2
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condition, so as to be able to determine beforehand the effect of reducing the velocity in any part

of the stream. Whether or not the stream is charged to its maximum capacity will be shown by
the existence or the non-existence of the conditions we have mentioned. A simple and trustworthy
means of ascertaining the quantity of sediment in a stream is that employed by the engineers com-
missioned by tb e American Government to survey the Mississippi. For these experiments three

stations were selected, two near the banks, and one in the middle of the river. Samples of water
v^ere collected daily at surface, mid-depth, and bottom. These ¡samples were secured in a small
keg, heavily weighted at the bottom and provided at each of its heads with a large valve, opening
upward. These valves allowed a free passage to the water while the keg was sinking to the
required depth, but prevented its escape while being drawn up. When the keg reached the

surface, the water contained in it was thoroughly stirred and a bottle filled from it. On returning
to the office, 100 grammes of water were accurately measured from each of the samples, and each
parcel separately preserved in a precipitating bottle. After receiving six days' contributions, these

bottles were set aside for two weeks to settle. The greater part of the water, then perfectly clear,

was removed by a siphon. The remainder, after thorough shaking, was poured upon a double
filter composed of two pieces of filtering paper of exactly equal weight. After becoming quite dry,

the two papers were separated and placed—one containing all the sediment of the 600 grammes of

river-water, and the other perfectly pure—in opposite sides of a very delicate balance. The differ-

ence of weight, which was, of course, the exact weight of the sediment, was then accurately ascer-

tained. These elaborate experiments were continued for fifty-two weeks, with the following mean
results;—For the two outer positions, surface^ "291 gramme; mid-depth, '330 gramme; bottom,
"379 gramme. For the middle position, surface, '291 gramme; mid-depth, *365 gramme; bottom,
•376 gramme. Total, 2*042 grammes of sediment in 600 grammes of water, or '34 per cent. These
results show that the water of the Mississippi is never charged to its maximum capacity. The
above method of ascertaining the quantity of matter in suspension may be readily applied to all

rivers. It will be sufficient for practical purposes to take three samples a day for two consecutive

days when the river is at ordinary summer level, and the same number for three consecutive days
when the river is in flood.

We have now pointed out the several agencies which tend to produce defects in a river channel,

and have described briefly their mode of action. Against these agencies the engineer has to con-

tend ; and to contend successfully, he must acquire a complete and an intimate knowledge of their

influence generally and under particular conditions. Such knowledge can only be acquired by
careful observation. The defects which these agencies may produce assume several forms. The
channel may have too sharp a bend, which is destructive of the stability of its banks and an obstacle

to navigation. It may be too shallow in certain parts, in consequence of the wearing away of the

banks and the silting up of its bed. It may be too wide in places—a condition that may cause the
last-mentioned defect, by reducing the velocity of the stream, and thereby favouring the silting up
of the bed and the formation of shoals. It may even be too narrow in particular places, offering a
high velocity at all times, and a tendency to flood in rainy seasons ; or its declivity may be too flat

in consequence of its too circuitous course, or the existence of obstacles to the flow of the current, such
as islands, shoals, weirs, ill-designed bridges, and similar obstructions. Before any alteration in

the bed of a river is attempted, the effect of such an alteration upon the current, both above and
below that point, must be carefully considered. If the engineer neglect this precaution, he may
find that he has produced a greater evil than he undertook to remove. As an example of an
ill-considered measure, we may mention the case of the Robine, a canal running from the Aude to

the Mediterranean through Narbonne, in France. The original constructors of this canal gave it a
very circuitous course near this town for the purpose of increasing the depth by diminishing the
velocity of the stream. Towards the end of the last century, the sinuosities being attributed to

caprice, it was resolved to straighten the channel to expedite the navigation. When the work was
completed, the draught of water was found to be insufficient.

The object in all river improvements is to obtain a channel as near as practicable uniform in
section, or gradually increasing from the source to the mouth, having sufficient capacity to carry
off flood-water without overflowing, with a velocity that shall not endanger the stability of the
banks. Thus it will be seen that the engineering works for the improvement of the upper portion
of a river will consist chiefly of excavations to remove shoals and other obstructions, and to widen
narrow parts, regulating dykes to contract wide shallows, diversions of the channel, and works for

stopping useless branches.
The work of excavating the bed of a river for the purpose of deepening its channel consists mainly

of dredging. This operation may be performed by hand, by steam, or by means of the current
itself. When performed by hand, an implement called a spoon is employed. It consists of a pole,

having at one end an iron ring steeled on the forward edge, to which a leathern bag is attached.
The end of the pole is held by a man, and the ring is hung by rope tackle capable of being wound
up by means of a crab. The man who holds the pole directs the forward edge of the ring against
the bottom while the spoon is being dragged along by the winding up of the rope. When the spoon
arrives beneath the crab, it is hauled up and its contents emptied into a barge. In cases where the
depth of the water does not exceed 6 ft., this system of dredging may be employed with advantage,
as it is both effective and cheap, it having been ascertained that the labour and cost of the operation
are not much greater than in similar excavations on dry land. When, however, the depth is great,
recourse must be had to the dredging machine. With a steam dredging machine, the cost of exca-
vating is about the same as that of similar operations on dry land. A steam dredger of 16 horse-
power will, under favourable circumstances, raise about 100 cub. yds. an hour.

The most economical means of removing the materials of the bed of a river when they consist of
mud, sand, or light gravel, is the employment of the current for that purpose. The operation is
performed by means of a kind of movable dnm, usually consisting of a framework covered with
boards attached to a boat. The boat is moored in the stream, and the dam lowered to within a few
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inches of the bottom. The water-way being thus greatly contracted, the velocity of the current over

the bed is proportionately increased, and this increased velocity will scour the bed. to a considerable

depth in a short time. From 30 to 70 cub. yds. may be excavated in this way by one boat. Fig.

6531 shows one of these dredgers as used on the Garonne, in which river it removed about 60 cub.

65S1.

HAWSER

yds. a day of sand and clay, at a cost of about 2^d. a yard. It must be borne in mind that this

mode of dredging acts only by displacing the materials of the bed, leaving them free to be deposited

elsewhere. It cannot therefore be applied where a necessity exists for the removal of the materials

disturbed.

When the bed is composed of rock, recourse must be had to blasting. If the current is low, it

will often be advantageous to enclose such parts by temporary dams, as is done in the case of

foundations, and to lay them dry.

When the shallowness of a river is caused by excessive width, the defect may be remedied by a
regulating dyke or longitudinal embankment. These dykes may be constructed either of dry stone

or of wattled piles and gravel. When built of stone, they should have a slope of about 1 to 1. The
latter mode of construction is, however, the more usual. In this case the piles should have a
diameter of not less than one-twentieth of the length ; they should be driven into the ground in a
double row to a depth equal to twice that of the water ; the distance between the rows should be
once and a half the depth of the water, and the distance of the piles apart, longitudinally, should

be equal to the depth of the water. After being tied together transversely, the rows of piles are

wattled with willow twigs, and the space between filled up with gravel. The various modes of

executing the wattling will be described later.

The construction of dykes not only increases the depth by forcing the water to flow through a
narrower channel, but the velocity of the water being thereby increased, the bed is scoured out

until a sufficient depth is reached to establish equilibrium between the current and the materials of

which the bed is composed. This consequence of erecting a dyke must be carefully calculated

beforehand, and the amount of contraction duly apportioned to the results. It may be remarked
here that the only certain means of permanently deepening the bed of a river is the construction of

continuous longitudinal embankments. Dykes built in the same way as those described above are

used to stop up side branches. In this case, they are thrown across the upper end of the stream
from bank to bank. The effect of stopping up a branch is to throw a larger body of water into the
main channel, the stream in which will be both deepened and accelerated thereby. Thus the con-
sequences will be the same as those produced by the longitudinal dyke, and they will have to be
calculated in the same way.

When the course of a river is so circuitous that the velocity of the current is not sufficient to

prevent deposits, the bed silts up and the channel becomes too small to contain flood-water. Hence
result disastrous inundations ; and as each successive overflow carries away some of the bank, the
evil tends to become worse. Moreover, as the low velocity in one part checks the flow of the
stream higher up, inundations may result in other places. In such cases, it may be desirable to

divert the stream into a new and straighter channel, excavated for it. Great caution is, however,
necessary in undertaking a work of this nature. We have already directed attention to one of the
effects of a cut-off in the case of the canal at Narbonne. More disastrous effects than the one
referred to may be produced by the diversion of a stream. It must be borne in mind that a cut-off

brings down the water from above it with a greater velocity than it possessed in its former sinuous
channel. This is the object for which the cut-off was made, and the immediate effect of the
increased velocity is to relieve that portion of the river which is situate above it. But the water
enters the lower portion of the river with a greater velocity than when it followed the more
circuitous course ; and consequently the level in that portion is raised to a degree corresponding
to the depression in the upper portion. Thus it will be seen that the only effect of a cut-off is

to relieve one part of the river at the expense of another. Whether such a remedy will be
beneficial or otherwise will depend upon the nature and capacity of the channel below the cut-off,

and these must be carefully ascertained and considered before undertaking the diversion of the
stream. When, however, such a remedy seems desirable, there are certain important points to be
kept in view in the execution of the work. A primary point is to make the new channel as deep
as possible. We have shown that the tendency of a river is to widen rather than to deepen its

channel, and this must be kept in view in excavating a cut-off. Another important condition is to

connect the new channel with the old by a curve of a considerable radius. Unless this condition
be fulfilled, the stream will either not enter at all, or if it enter, will not flow freely in the new
channel. It is also an advantage to slightly curve the new channel, for the current will then keep



2758 KIVEES.

constantly against the concave bank ; whereas, if the channel is straight, it will deviate from side

to side, and thus tend to produce bends. The velocity, too, is somewhat checked by the curved

channel, and this will generally be an advantage. The new channel must not be opened to receive

the waters of the river until the down-stream end of the old one has been completely closed. For
it has been found impracticable to divert the stream into the new channel unless this be done, by
reason of the impossibility of throwing out the new cut to a depth inferior to that of the old channel.

It is also necessary to clear the bed of the new cut of all trees, reeds, or aquatic plants, as these

impede the flow of the current and favour deposits.

The simplest and most effective means of protecting the adjacent land from inundation in con-

sequence of a river overflowing its banks, is to increase, artificially, the height of the banks at those

parts liable to overflow. This system of embanking rivers has been very extensively applied on the
Continent and in America, and everywhere with the most complete success. Yet in England, not-

withstanding the ravaging inundations which frequently occur, it is rarely resorted to. It may,
however, be confidently expected that some effort will soon be made to prevent these oft-recurring

floods, so discreditable to British engineering enterprise, and the value of the system, which is as

inexpensive as it is efficacious, will force itself upon the notice of engineers. The mode of

constructing these embankments differs but little in its main features from that adopted for

embankments intended for other uses. Some of the details, however, require special mention ; and
we cannot give a clearer description of these than is contained in the following extracts from the

specifications of the embankments constructed on the Mississippi, which specifications are sanc-

tioned by the State.
" The embankment shall be graded 5 ft. wide on the top, except where otherwise directed by

the chief engineer, with side slopes of 6 to 1 on the river side, and 2| to 1 on the other side."

Fig. 6532 shows the pro-
file of the embankment con- * 6532-

structed according to this

specification. The dimen-
sions were, however, con-
sidered excessive by the
engineers who conducted the
survey of the river between
the years 1850 and 1861, and
in their report submitted to
the Government in the latter

year, they recommend that
" the width at top shall be equal to the height, the outer slope 3 to 1 and the inner slope 2 to 1/'
This is more in accordance with the dimensions adopted in Europe. Fig. 6533 represents the profile
as modified according to these recommendations.

" The ground to be occupied by the embankment must first be cleared of trees, stumps, roots,
weeds, and all perishable matter, the trees and stumps being cut up by the roots, at least 1 ft.

below the surface of the ground. The entire surface must then be thoroughly broken with a spade
or plough, in order to form a bond with the earth deposited. Then a muck ditch must be cut, 6 ft.

wide at top and 3 ft. at bottom, and 4 ft. deep ; all stumps and roots crossing it being carefully taken
out and removed beyond the base of the embankment. The muck ditch must be cut 10 ft. from the
centre line of the embankment, great care being exercised not to displace any of the stakes of the
centre line, on the side next the river, the earth from it being thrown entirely on that side of
the ditch next the river. As each section of a mile in length is thus cleared, broken, and muck
ditch cut, the contractor must notify the fact to the engineer in charge, when he will set stakes on
each side of the centre at the proper distance for the base of the embankment. As soon as the
work is staked, the muck ditch must be filled in again with buckshot-earth or clay, obtained from
without the base of the embankment, and the earth tramped in by horses or mules ridden rapidly
back and forward constantly while the earth is being put in ; at least one horse to every eight
wheelbarrows being thus employed. This filling and tramping to be kept one mile in advance of
the embankment. In cases where the chief constituent of the embankment is sand or other
porous materia], the engineer may require a wall of buckshot or clay, 5 ft. thick, to be continued
up from the muck ditch to the top of the embankment, the earth being tramped in by horses in the
same manner as the muck ditch, as the embankment is built up on each side of it, the object being
to obtain a stratum through the embankment impervious to water.

' When the ground is prepared in the manner set forth above, the embankment will be com-
menced, and it must be formed in uniform layers not exceeding 1 ft. in thickness ; a sufficient
number of men being continually kept on the embankment to spread the earth as it is wheeled or
carted in. The slopes shall in every case be commenced full out to the side stakes, and carried
regularly up as the embankment progresses.

All earth designed for embankment must be entirely divested of roots and all other perishable
matter. When the embankment has been raised 3 ft. the sides must be trimmed with slope-boards,
ana any irregularities appearing on the slope must be corrected at once ; this trimming must steadily
progress as the embankment increases in height.

i V
epgmeer may, whenever he deems it necessary, require a double course of sheet piling,

f f th
JOm

1

ts
'
to be driven at the centre or either side of the embankment, 5 ft. below the surface

h pounü
» and extending up within 6 in. of grade. All piling must be driven in advance of the

oankment, which shall be constructed on both sides of the piling simultaneously. The ends of
emoankments shall be protected from flood by a double row of sheet-piling closely driven and
securely braced, extending across the base and around each side, not less than 100 ft."

cu * * ™- • ?xcavating embankments in accordance with the foregoing specifications is in theMate of Mississippi from 18 to 20 cents the cubic yard.
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The French dykes on the Rhine, Fig. 6534, in that part of its course lying between the Black

Forest and the Vosges mountains, where the height is 7 ft., have a width of 10 ft., the slope towards

the river being 2 to 1, and towards the land 1| to 1. When the height exceeds 7 ft., the width is

increased by a banquette on each side.

The dykes of the Rhine in Holland, Fig. 6535, when near the river bank and when used for the

road, have a width of 20 ft. on the top when 16 ft. hi^h, a slope of 3 to 1 on the river side, and a

slope of 1 1 to 1 on the land side. The outer slope, when exposed to running ice, is protected by a

revetment of brick or fascines. When the dyke is not near the river bank and is not used as a road,

the width is only 6i ft.

10-S
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The dykes on the Po are 2£ ft. above the highest flood mark, their width is usually equal to the

height, and the slope of their sides 2 to 1. When the soil is permeable, they are reinforced, Fig. 6536,
at the height of the mean floods, by a banquette 20 ft. wide when the height is 20 ft. or upwards.
Where the soil is very sandy and has but little cohesion, the dykes of the Po, when 20 ft. high and
upwards, have a width at top of 26 ft., two banquettes 20 ft. broad, Fig. 6537, an outside slope of

3 to 1 and an inside slope of 2 to 1. The river roads are usually upon the embankment or upon the

banquette.
The average height of the dykes on the Vistula, Fig. 6538, is 20 ft. The top is from 2 to 3 ft.

above the highest flood. The width at top is usually 15 ft., or three-fourths the height, and the

slopes are 3 to 1 and 2 to 1.

The protection of the banks of a river against the wearing action of the currents has now to be
considered. The most efficient protection is a thick growth of aquatic plants ; but as these con-

stitute a serious impediment to the flow of the stream, artificial protection must be substituted for

them. The means employed are various, differing according to the nature of the soil and that of the
materials most readily available. Where stone is abundant and the slope of the banks suitable, dry
stone pitching forms a very effective protection.

This system has been adopted on the Loire
where the pitching is remarkable for the per-

fection of its execution and its comparatively
slight thickness. The slopes in these cases aie
generally about \\ to 1 The stones are roughly
squared and laid by hand in courses. The
thickness of the pitching is from 8 to 12 in. at

the top, and increases in going down at the
rate of 2 or 3 in. a yard. A bed of gravel is

laid beneath, and the foundations requisite to

keep them from slipping are formed by a simple
excavation or trough dug in the earth below
the level of the mean summer waters, and sub-
sequently filled in with rough rubble masonry.
Sometimes, however, it is necessary to drive a
row of piles with longitudinal wales, as shown
in Fig. 6539. In calculating the strength of these wales we have only to consider that the maximum

pressure they have to resist is —— , w being the weight of the pitching, s the rise of slope, and
I

/ the length of slope, friction being neglected for the sake of security.
Where aquatic trees are abundant, fascines are employed instead of stone. These fascines are
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bundles of willow twigs from 9 to 12 in. in diameter and about 12 ft. in length. They are laid with
their length up and down the slope and are fixed to the bank by stakes. Sometimes a mixed system
of fascines and stone pitching is adopted, as shown in Fig. 6510. "Works executed in this way do

not, it is true, last very long, ten years being the limit of a fascine under water; but their duration-
is sufficient in rivers carrying much suspended matter, to give rise to depositions which eventually
serve to effect the object intended in a more permanent way.

Timber sheeting is occasionally resorted to. This may consist either of sheet piling or of guide-
piles and horizontal planks. The wales of the sheet piling or the guide-piles of the planking must
be tied back to wooden anchoring plates firmly fixed in suitable situations. Sometimes it may be
necessary to construct retaining walls to preserve the banks of a river ; but such instances will
seldom occur, and they will never extend beyond a very limited space. Groins are in some cases
employed. These, however, should be used only as temporary expedients, as they impede the
current and endanger the stability of the bed.

To render the upper portion of a river navigable, it is sometimes necessary to erect weirs in
those portions of the stream which are naturally shallow and rapid. The object in this case is to
produce a long reach of deep and comparatively still water. More frequently weirs are erected for

purposes of water-supply or water-power. In the latter cases, the object is to prolong a high water-
level from its natural situation to some place where it is required to divert water from the stream
for the purpose of driving machinery, or for other purposes. These weirs are merely dykes or dams
thrown across the stream ; usually they are constructed of stone, but in some cases, especially in
America, timber is employed for that purpose.

The pressures upon a weir being the same as those upon an ordinary reservoir wall, its dimen-
sions are calculated in the same way. But as the water flows over a weir, forming a cascade on the
down-stream side capable of undermining the base of the structure, a somewhat different mode of
construction must be adopted, In choosing the site for a weir, it is well to avoid a bend if possible ;

because the water on leaving the weir possesses a high velocity, and if a bend be situate imme-
diately below the weir, the concave bank is rapidly worn away. The usual position for a weir is

at right angles to the banks. Sometimes, however, in order to diminish the height of the back-
water in times of flood, the crest is made longer than the breadth of the channel, and this is

effected either by placing it obliquely across the channel, or by giving it a V shape in plan. As
a protection to the banks, the ends of the crest should be made slightly higher than the middle

;

the cascade is by this means directed towards the middle of the channel. The breadth of the crest

should not be less than 2 or 3 ft.

The up-stream face is either vertical or sloped to about 1 in 1. The down-stream face has
Usually a long flat slope varying from 3 to 1 to 5 to 1. This slope is for further protection continued
a short distance below the bed of the channel. Another method is to form the down-stream face
into a series of steps, so as to break the cascade into a number of smaller ones. Occasionally a
vertical face is adopted, with a nearly level stone-pitching beneath ; this form is, however, not
suitable for large bodies of water.

Weirs may be constructed of any of the materials used for dams, and the principles of con-
struction are identical in the two cases. When solid masonry is used, the facing should be of
block-in-course or ashlar; but the heart may be of rubble or concrete. The same precautions
are needed as in the case of reservoir walls, to prevent the filtration of water round the ends
or roots of the weir. When the material employed is dry stone, the mode of construction is

the same as that of the embankments already described. The slope in such cases is steep at
the back and long and gentle in front. To prevent the stones from slipping on their foundations,
piles with horizontal wales may be used in the manner recommended for embankments. The
accompanying figures are given as examples of stone river-dams. Fig. 6511 is a section of a dam on

^e ,-^?"*e at Orleans ; Fig. 6542 a section of a dam constructed by Telford on the Weaver ; and Fig.
6543 is a section of a dam on the Oarron, by Smeaton.

Works for the improvement of the tidal portion of a river consists mainly of the removal of
obstructions to the tidal flow. These obstructions may be either natural or artificial. Those of the

v^ff
k' n<* ^^ist °f abrupt bends, shoals, contractions of the channel, and bars, the removal of

which may be effected in any of the ways already described in reference to the river proper. In
considering, however, beforehand the effect of any proposed change, we have, in the tidal portion,
another agent to be taken into account, namely, the tide. When estimating the effect of certain
changes in the river portion, the problem is simplified by the fact that the current flows constantly
m one direction

; but in the tidal portion we have the current flowing alternately in contrary
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directions. Also in the former case we have to compute only the quantity of water passing down
the channel ; while in the latter it is necessary to ascertain not only the quantity of water brought

6542.down, but also the quantity that

ascends. These, however, aie

questions which may be deter-

mined by means of the hydro-
metrical observations already de-

scribed. Beyond this the execu-
tion of the work will differ but
little from that applicable to the

former case.

The scouring action of the
current forms a particular feature

in the tidal portion of a river.

The alternate ebb and flow of the

tides carries up and down the
river channel large quantities of

sedimentary matter, especially

sand. This is deposited at slack

water, to be taken up again when
the flow has fairly set in, in the
contrary direction. Thus the form
of the bed is constantly changing.
Kemarkable instances of this may
frequently be seen in open estu-

aries filled with sand-banks. The
upward flow of the current due to

the rising tide excavates a channel
through the sand forming the bed.
This channel is a sinuous one in

consequence of the tendency of the stream to deviate from one side to the other. The sinuosity

thus begun is constantly being increased by the scouring action of the current on the concave side

and the deposition of the sand on the other. Thus the course of the channel is being changed
during the whole of the flow. If the current continued in the same direction, the sinuosities would
increase until they extended from bank to bank, when they would become to a certain extent per-

manent. But in a few hours the tide recedes, and the cm-rent sets in the contrary direction. This
current will not scour precisely as the ascending current did ; the course of the channel will there-

fore be excavated in some other direction, in some cases it may even be scoured back into its first

situation. In this way the course of the channel is constantly shifting, to the utter destruction of

navigation. The only effective remedy for this appears to be the erection of training walls. These
are longitudinal dykes, similar to those we have described for contracting the bed of the river proper.

Their use is to confine the current, that is, the low-water stream, to a certain portion of the bed
where it may constantly exert its scouring action upon the same line of channel. It is obvious that

by this means a greater permanent depth may be obtained than by allowing the stream to continue

its previous ever-changing course.

Training walls are constructed of rough rubble stones, backed with clay and gravel. Their
distance apart must be determined by the fresh water and the tidal discharge, and the require-

ments of the navigation. In some instances the distance is from 400 to 500 ft. They should not
be raised fur above the low-water line ; from 3 to 5 ft. will be sufficient, as it is desirable to avoid
contracting the high-water channel. It lias been found that these walls do not sink more than 2 or

3 ft. into the sand of the bed, and that their foundations, being parallel to the current, aie

unaffected by the scour. Figs. 6544, G545, are cross-sections of training walls constructed by
D. Stevenson.

Improvements of the channel by dredging and other modes of excavation, cut-offs, and closing

of subsidiary channels, are executed in the manner we have already described for the upper
portion of the river.

Among the chief artificial obstructions to the tidal flow are groins or jetties, and piers of

bridges. Jetties were formerly considered the most practicable and efficient means of confining the
current to the middle of the channel; but experience has shown that their influence is rather

pernicious than otherwise. They give rise to eddies and back-currents, and constitute a serious

impediment to the flow of the stream. Hence their use has been almost entirely abandoned for

this purpose. But as they exist in many estuaries, their removal will frequently constitute ouo of
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the first operations to be undertaken in the improvement of the tidal portion of a river. Piers of
bridges offer considerable obstruction to the current. Of course, existing bridges can rarely be

6544.

G*gh>Mfcter_._
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*&%??'

6545.
removed ; but when it does-happen
that an old bridge is to be rebuilt,

or a new one erected, care should
be taken to avoid, as much as pos-
sible, obstructing the water-way.
A sharply-curved part of the chan-
nel should not be chosen as the
site of the bridge, and, whenever
practicable, the stream should be
crossed at right angles. The abut-
ments must not contract the water-
way, and the piers should stand
with their length exactly in the
direction of the current. The piers should also have pointed or cylindrical cutwaters at both ends
to diminish the obstruction they offer to the current.

One of the greatest difficulties which the hydraulic engineer has to deal with in the tidal

portion of a river is the existence of bars. A bar is a bank of sand, gravel, or earth, forming a
shoal at the mouth of a river, obstructing entrance or rendering it difficult. The depth upon the
bar is, of course, the ruling depth of the channel, and it is frequently such as to allow the passage
of large vessels only at high water. Bars exist at the mouths of nearly all tidal rivers, and various
theories have been propounded concerning their formation. The most reasonable is that they are
the work of the sea alone. A well-known action of the sea is to throw up upon the coast a girdle
of sand or shingle. This action goes on at the mouths of rivers as elsewhere. It is, however,
opposed by the down current of the stream ; were it not so opposed, the sea would speedily close
up the mouth of the river. The force of the sea waves, especially against the bottom, is greater
than the opposing force of the stream ; hence a bar is formed. But as the height of the bar increases,
the forces become more equal, until finally, when equality has been established, the height becomes
permanent. This permanent height of the bar may be temporarily diminished by storms and
floods; but on the cessation of the disturbing cause, it will be soon restored. There are a few
rivers that are not encumbered with bars, and their non-formation in these cases may be attributed
to the absence of one or more of the following conditions laid down by a writer in the Encyclopaedia
Britannica as necessary to their formation ;—1st. The presence of sand or shingle, or other easily-

moved material ; 2nd. "Water of a depth so limited that the waves during storms may act on the
bottom ; and 3rd. Such an exposure as shall allow of waves being generated of sufficient size to

operate on the submerged materials.

It will be seen from the foregoing remarks that as the bar is due to the action of the waves, so

the depth of water over the bar is due to the scouring action of the current. Therefore, in all works
intended for the improvement of the tidal portion of a river, the scour upon the bar must be kept in
view. This scour is produced in a greater measure by the tidal than by the fresh water ; for the
volume of tidal water discharged over the bar is generally far greater than that of the water
brought down by the stream. The question of back-water is thus a very important one. By back-
water is meant the tidal water which at every tide flows over the bar, and which, with the fall of
the tide, flows back to the sea. The quantity of back-water is obviously measured by the extent of
the area above the bar over which it flows, and an important question for the engineer is how far
this area occupied by back-water may be encroached upon by solid works displacing the water,
without injuriously affecting the scouring force on the bar. At first sight it may seem that any
diminishing of this area must lessen the scour. This, however, is not strictly true. Experience
has shown that where certain physical conditions exist, the area occupied by back-water may be
reduced without injuriously affecting its scouring action. It cannot be denied that engineers are
not agreed on this matter ; but the commonly-accepted opinion, founded on the limited experience
available, is expressed in the following propositions advanced by D. Stevenson in his work on Inland
Navigation ;

—

1. The depth on bars is due to back-water.
2. Where the high-water level of the surface of the river, estuary, or basin, is the same as, or

higher than, the level seaward of the point of abstraction, a diminution of tide-covered area will
reduce the effective back-water.

à. Where the high-water level of the surface of the river, estuary, or basin is lower than the
level seaward of the point of abstraction, a diminution of tide-covered area may, in some cases, be
ma

4°
™*hout educing the effective back-water.

4. The lower the level of baok-water, the greater will be its effect in scouring the low-water
channel

;
and therefore the nearer the site of abstraction is to high-water mark, the less injurious

will be the effect.

5. By enlarging the tidal capacity of a river at a low level, where the acquired volume is filled
every tide, compensation may be given for a much larger amount of water excluded at a higher level.

b. In consequence of the disturbing effects of the waves of the sea, the large discharge of rivers
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during high floods, and the varying nature of the beds of estuaries and bars, it is not possible to

conclude that with a given quantity of back-water, as deduced from the measurement of the tidal

capacity of an estuary, a constant navigable depth can be maintained over the bar.

In this, as in most other questions concerning alterations made in river channels, so much
depends upon physical features peculiar to the locality, that every new case requires special obser-

vations, and the engineer is to a great extent thrown back upon his own resources. The foregoing
propositions will, however, serve to direct his observations, and so enable him to arrive at results in
which he may feel some degree of confidence.

See Canal. Damming. Locks and Lock-gates. Retaining "Walls.
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RIVETED JOINT. Fk., Rivure; Ger., Vernietung; Ital., Commessura ribadita; Span., Junta
de roblones.

Riveting, or the art of forming a riveted joint, has become one of the most important in mecha-
nical engineering, as in boiler work, girder work, iron shipbuilding, and in wrought-iron work
generally, it constitutes an essential and a principal feature. The best form of riveted joint and the
most suitable and economical proportions of the several parts of which it is composed are therefore

problems deserving the most careful attention. It is strange that so important a matter should
have been so little investigated

;
yet it is a fact that few experiments worthy of the name have been

made to discover the principles according to which a joint ought to be designed, and the rules of

practice have been left almost wholly to empirics. The consequence is that in our investigations of
this subject we must rely chiefly upon theoretical considerations, guided, however, by the results

of the few authenticated experiments which have been carried out.

The question is, given two iron plates that are to be joined along two edges, how is this joint to

be made in the strongest and at the same time the most economical manner. Obviously the only
way of effecting the join in a perfect manner is to weld the two edges ; and accordingly many
attempts have been made to execute the joint in this way. There are, however, so many practical

difficulties to be encountered, that little is to be hoped for in this direction, in the case of long joints

at least. Riveting must therefore continue to hold its present important position. There are two
ways of forming a riveted joint. One is to make the two edges overlap each other, and then to pass
a pin or bolt through holes opposite each other in the overlapping parts. This is known as the lap-

joint, and is the simplest mode of joining two plates. The other way is to place the two edges flush

with each other, and to connect them by means of a strip, overlapping both, and riveted as in the

former case. This is called the butt-joint. It is obvious that this joint is nothing but the lap-joint

repeated, as the strip may be considered as a third plate to which the other is joined. It possesses,

however, certain advantages, one of which is that it may be used on both sides of the plûtes. The
reality of this advantage will be seen later.

Now it is evident that a joint executed in this manner can never be so strong as the plate itself,

because a portion of the plate has to be cut away to admit the rivets. The effective area of
the plate is thus reduced by a quantity equal to the sum of the areas of the rivet-holes. This does
not quite represent the reduction of strength, because the plate which is left between the holes is,

in some way not yet clearly ascertained, injured by the operation of forming the holes. But for the
present we will assume that it does not accurately represent the loss of strength. In practice this

loss is a serious one, amounting to 50 and even 60 per cent, of the strength of the plate. Thus, in
the case of a boiler, for example, one-half the metal is wasted. The remedy that first suggests itself

is to use as few rivets as possible, and to give those the least possible diameter. But here we come

6547. 6548.

face to face with the manner in which a riveted joint yields. A joint of this kind may give way
1, by the shearing of the rivet, as in Figs. 6546, 6547 ; 2, by the crushing of the plate, Fig. 6548
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3, by the tearing out of the rivet, in Fig. 6549 ; and by the tearing of the plate across, Fig. 6550.
Another mode of fracture, namely, that represented in Fig. 6551, is considered by some to be the
normal manner in which a rivet forces its way out of a plate. This manner, it will be seen, is by
shearing the plate. There does not, however, appear to be any reason for believing that such an
action may occur; nor is it compatible with the modes of fracture shown in Figs. 6549, 6550. The
resistance of the joint to fracture by the shearing of the rivet is

—

The shearing strength the square inch x the sectional area of the rivet.

6549.
6550.

6551. 6552.

Here one means of reducing the area abstracted from the plate for the holes at once suggests

itself, namely, the employment of the best quality iron for the rivets. In the case of the crushing

of the plate, the resistance offered by any portion A B of the circumference, Fig. 6552, to the tensile

strain, equals its resolved portion CD at right angles to the line of strain, multiplied by the thick-

ness of the plate and by its crushing strength. Hence the resistance offered by the plate to

crushing equals

The crushing strength x the thickness of plate x the diameter of rivet.

In the case of the joint failing by the plate breaking along the line K L, Fig. 6552, the portion

EMN F opposed to the rivet may be considered as a continuous girder uniformly loaded, and the
ultimate resistance then equals

thickness of plate x (depth K L)2

X A,
length E F

A being a constant, the value of which must be determined by experiment, as the circumstances
differ widely from those of ordinary girders. This mode of fracture is given by Walter R. Browne
in a valuable paper read by him before the Institution of Mechanical Engineers, to which paper we
are indebted for the accompanying diagrams. But it is a case of little importance in practice. There
are but three modes practically by which a riveted joint may fail, namely, the shearing of the rivets,

the crushing of the plate, and the tearing of the plate along the line of rivets. The resistance to

this mode of fracture equals

The effective sectional area along that line x the tensile strength the square inch.

Thus it will be seen that fracture by shearing depends on the diameter of the rivet ; that fracture

by crushing depends on the diameter of the rivet and the thickness of the plate ; and that fracture
by tearing depends on the thickness of the plate and the width on each side of the rivet. Now it is

sufficiently obvious that in a perfect joint these several resistances will be equal to each other and
the greatest possible ; for whatever excess we have in one mode of resistance must be abstracted
from another mode of resistance. If we increase the number of rivets, we increase the resistance to

shearing, but we diminish the area of the plate along the line of rivets. If we diminish the number
of rivets, we increase the strength of the plate, but we diminish the resistance to shearing. Again,
if we diminish the number of rivets and increase their diameter, we increase, indeed, both the
resistance to shearing and to tearing, but we diminish the resistance to crushing. Thus we have
found a certain definite point at which to aim in designing a riveted joint, namely, equality of
resistance. By comparing the first and second modes of fracture, we obtain the proper proportion
between the diameter of the rivet and the thickness of the plate ; and by comparing the first and
last modes of fracture, we obtain the pitch of the rivets, or their distance apart.

To compare the first and second modes of fracture, let t be the thickness of the plate and d the
diameter of the rivet. Putting P = the strain a square inch that will crush the plate, and P' the

d P
strain a square inch that will shear the rivet, we have '7854 d2V = P td, whence - = --

,

t *7o04: X
which is the requisite proportion between the diameter of the rivet and the thickness of the plate.

r

£
ne shearing strength P' of wrought iron is usually taken as equa-l to its tensile strength.

W. R. Browne, however, considers the tensile strength of riveted plates as somewhat inferior to their
shearing strength, and he cites in support of his opinion numerous experiments made by indepen-
dent authorities. The results of these experiments lead him to conclude that with the best quality
iron, such as in used for rivets, the shearing strength should be taken equal to 22 tons the square
inch and the tensile strength of the plates 18 tons the square inch. The value of P, or the resist-
ance to crushing, has not been determined with much precision. We should be far from the truth

pp were t° ta^e the ordinary values for the crushing strength of wrought iron. The actual value
of 1 is much higher than this, and the reason given by Browne is that experiments for values of
crushing strength are made with cubes or short bars of the metal, which are free to move laterally in
all directions

; but in the case of a rivet-hole, the metal that is being crushed, or, as he expresses it,
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crippled, is supported both by the surrounding part of the plate and also by the heads of the rivet.

As this writer appears to have been the first to make direct experiments for the purpose of deter-

mining the value of P in riveted plates, we shall give his own account of them, and accept the value
lie has arrived at. After alluding to certain experiments made by Charles Fox, and others, on
suspension-bridge links, he says ;

—

" As however in these sets of experiments a single pin with links of best bar iron was employed,
it seems very desirable for the present object to make some further experiments with actual boiler

plates and rivets ; and for this purpose a series of plates were prepared, and tested at Kirkaldy's
works. In order to make sure that the joints should yield by this mode of fracture and no other,

the rivets were made altogether out of proportion to the thickness of the plates, which was -^ in.,

while the rivets were 1 in. diameter ; ample width was also given to the lap. The width of the
joint in the line of the rivets was 13 in., and three rivets were employed in all cases. Half the spe-

cimens experimented upon were made with a lap-joint, and the other half with a butt-joint and two
cover-plates ; the pitch of the rivets was 3 in. in the lap-joints, and 3| in. in the butt-joints.

" On the plates being tested by tension in Kirkaldy's machine, they all without exception tore

through the rivet-holes, as in Fig. 6550. But the tensile strength per square inch of the area frac-

tured was greatly below the strength of the plates, being only an average of 12 • 2 tons in the lap-

joints and 13 " 2 tons in the butt-joints ; and it follows therefore that the joints could not have yielded
by fair tearing of the plates. The crippling action at the rivet-holes, which is now being inquired
into, would injure and weaken the metal, until either the rivets forced themselves out of the plate,

or the plate itself tore through the holes. The latter happened first in these experiments ; but there

is no reasonable ground for doubting that the ultimate cause of failure was the crippling of the
metal in front of the rivets.

" In order to test the reality of this crippling action, similar specimens of all the three qualities of
iron that had been used, and of both kinds of joint, were subjected to a total tensile strain of 36 tons
on the 13 in. width, and the rivet-heads were afterwards planed off, so as to examine the dimen-
sions of the holes. A slight but unmistakable elongation was found to exist in the direction of the
strain, amounting to about -^ in. ; and taking into consideration that this is of the character ot a
set, and also bearing in mind the way in which the metal is grasped by the rivet-heads, and the
support given by the surrounding plate, the amount of elongation appears quite sufficient to prove
the existence of the crippling action. At the same time the ultimate tearing of the plates at the
rivet-holes serves to show why this crippling has attracted so little notice ; and that, when not
carried so far as to result in tearing, it may still exist as a dangerous and unsuspected source of

weakness in joints otherwise excellent.
" The mean value obtained from the experiments for the ultimate resistance to crippling of the

plate, per square inch of the area of pressure in the rivet-holes, is 39 5 tons for the lap-joints, and
42 '9 tons for the butt-joints. These show a very close agreement with the results previously

obtained from the experiments with suspension-bridge links, which average 39 ' 8 and 40 " 5 tons an
inch. The resistance to crippling appears therefore to be very different from and independent of

the tensile strength of the iron ; and as a general result, 40 tons per inch may be taken as the strain

that will cripple the plate, or the value for P in the calculation."

Substituting these values of P and P' in the equation, we find the value of d to be 2'3 1, or about

2| times the thickness of the plate. In practice it is usual to make d = 2 t, or the diameter of the

rivet equals twice the thickness of the plate. The ordinary rule may thus, in the absence of more
numerous experiments, be taken as sufficiently accurate.

"We have now to determine the pitch, or distance of the rivets apart from centre to centre, so as

to equalize the shearing strength of the rivets and the tensile strength of the plate. This question

involves certain disputed points, and, as might be supposed, practice shows an absence of uniformity

in this matter. The strength of the plate is equal to that of its sectional area between the rivet-

holes. But what this strength is has not yet been determined with sufficient preoision to set the

question at rest. Experiments have proved beyond all doubt that the net area of the plate along the

line of rivets is considerably weaker than an equal area of solid plate. The cause of this weakening

has been attributed to the destructive action of the punch ; and the advocates of drilling have

relied chiefly upon this point in estimating the merits of the latter system. On the other hand, it

has been contended on the faith of certain experiments, that a punched joint is as strong as a drilled

joint, and that consequently drilling is as injurious as punching. Whatever the cause may be,

however, it is certain, as we stated above, that the tensile strength of the net area is reduced by the

existence of the rivet-holes, whether they are drilled or punched ; and the question that remains is,

does punching reduce the strength in a greater degree than drilling ? It follows also from this ihct

that it is erroneous to assume, as is constantly done in practice, that the net area between drilled

holes is equal in tensile strength to that of the solid plate. The only experiments, of which we are

aware, that have been systematically carried out for the purpose of determining these questions,

were made in America, and reported by a committee on boilers and boiler materials, to the American
Eailway Master Mechanics' Association. The following are the particulars of these experiments;

—

Description.

Experi-
ment

Number.
How Broken.

„ .. (,. . : Unit Strain on

¡Sl *

;

Plate - tous a
square inch.

Unit Strain on
Kivet, ions a
square inch.

Entire plate, If in. by -& in.j

1

2

3

Torn aoross .

Ditto
Ditto

Mean

32,228 26-3
32,228 26-3
33,600 27 4

• •

• •

32,685 26-7 • •
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Table—continued.

Descriptim.

Experi-
ment

Number.
How Broken.

Breaking Strain,

lbs.

Unit Strain on
Plate, tons a
square inch.

Unit Strain on
Rivet, tons a
square inch.

Plate If in. by ^ in. ; withj

f-in. hole through middle, <

1

2

3

Torn across -

Ditto
Ditto

Mean .

.

13,371
13,371
13,714

17-0
17-0

174

••

13,485 171 ••

Plate If in. by -^ in., withj

f-in. hole through middled
drilled (

1

2

3

Torn across .

Ditto
Ditto

Mean .

.

17,828
17,485
17,622

22-6
22-2
22-4

••

- 17,645 22-4 ••

Two plates, each If in. by -jM

in., punched, and riveted I

together with a -f-in. rivet

|

1

2

3

jTorn through)
< centre of>

(
plate . . . .

)

Ditto
Ditto

Mean

17,828

17,828
17,143

22-6

22-6
21-8

25-9

25-9
24-9

17,599 22-3 25-6

Two plates, each If in. byj

-^ in., drilled, and rivetedj

together with a f-in. rivet
|

1

2
3

Kivet sheared
Ditto
Ditto

Mean .

.

17,143
16,457
15,428

21-8
20-9
19-6

24-9
23-9
22-4

16,342 20-8 23-8

It will be remarked that the tensile strength of the plate experimented upon was very high.

Beyond this, the Table contains some very remarkable results. The existence of the drilled hole
reduced the tensile strength of the effective area from 26*7 to 22 '4 tons the square inch, or about 16
per cent., while in the case of the punched hole the reduction was from 26*7 to 17*1 tons, or about
36 per cent. When, however, the rivet was inserted, the strength of the punched joint was about
equal to that of the plate with the drilled hole, while the strength of the drilled joint was consider-

ably less. The increase of strength in the punched joint can only be attributed to the grip of the

rivet-heads, while the reduction of strength in the drilled joint is obviously due to an increased

tendency to shear the rivet. This result is considered by the committee as probably due to the

edges of the drilled holes being sharper and more compact, and consequently more capable of

shearing than the edges left by a punch. However this may be, the fact remains that practically

the drilled joints were not so strong as the punched joints. The result which bears directly upon
the question we are now considering is that which relates to the diminished strength of the metal
between the rivet-holes. This is shown to be 16 per cent, for the drilled hole, and 36 per cent, for

the punched hole. We cannot help believing that the punching in this case must have been
carelessly performed, and that 36 does not fairly represent the average punched hole. We have
already said that W. R. Browne considers the tensile strength of a punched iron plate to be reduced
from 22 to 18 tons, and he makes the latter strength the basis of his calculations. It is*probable,

however, that 17 tons more nearly represents the truth. The equation for determining the pitch

evidently is '7854 d2 P' = 2 b t R, R being the resistance to tearing in tons to the square inch, and

b the breadth required on each side of the hole. Putting R = 17, we have b = 5 x- X *d; and
v

taking d — 2 i, b = d. That is, the breadth on each side of the rivet-hole should be equal to the
diameter of the rivet ; or in a row of rivets, the pitch should be equal to 3 diameters. When the
diameter of the rivets is less than twice the thickness of the plate, as it must necessarily be in the
case of very thick plates, the pitch will be less ; and if m be taken as the ratio of the diameter to

the thickness, the space between the holes will be m times the diameter of the rivet.

The distance of the rivet from the end of the plate, or as it is termed the lap of the plate, is

made equal to one diameter. This distance has been determined more by practical necessity than
from theoretical considerations ; and as joints rarely, if ever, fail in that direction, it may be
assumed to be sufficient. The loss of a single-riveted joint is thus equal to three diameters. The
proportions to which the preceding considerations have led us are thus ;—diameter of rivet = twice
the thickness of the plate

; pitch = three diameters of rivet ; and lap = three diameters of rivet.

These proportions are represented in Figs. 6553, 6554. The proportional strength of such a joint

2 17
is evidently

g of - or 51£ per cent, of that of the solid plate.

The foregoing conclusions show that the single-riveted lap-joint is only half as strong as the
solid plate, even when most perfectly designed ; and the question for consideration now is—by what
change in the mode of construction can the strength of the lap-joint be increased. The first ex-
pedient that suggests itself is to place the rivets in two rows, since by this means we increase the
Ditch without reducing the sectional area of the rivets. This expedient has been largely resorted
to, and the advantage which it offers is real and considerable. The pitch of the rivets in this case
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will be double that requisite for single riveting, and our calculations showed us that in the latter

case the pitch should equal three diameters. This, however, will not give the required equality

between shearing and tensile strength. This equality is given by the equation 2 ( * 7854 d2 P')= 2 6 1 K.
Whence, with the preceding values, b = 2*02 d, and the pitch consequently equals 5 diameters.
But as the rivet-holes are wider apart, the tensile strength of the plate is reduced in a proportionably
less degree. Browne takes 19J tons, instead of 17 as above, for the value of R in this case, which
gives the pitch = 4| diameters. Thus we have increased the number of rivets and consequently

2 17
the cost ; but we have increased the strength of the joint from - of— = 51 • 5 per cent., to

ó ¿all

3 "5 19 "5— of -^r- = 69 per cent. The proportion of the diameter of the rivets to the thickness of the

plate will be the same as in single-riveted joints, as the strains are the same in both cases.

It now remains to determine the lap of the joint, and to do this it is necessary to ascertain what
distance is required between the rows of rivets. Here again we find a want of uniformity in practice.

The only experiments bearing directly on this matter are some made by Brunei, and described by
W. R. Browne in the paper already referred to. Discussing the results of these experiments, he
says, " In these the line of fracture in several cases was a zigzag, running backwards and forwards
between the two rows of rivets, as in Figs. 6555, 6556 ; and this shows that the rows were too near
together in those cases. As the effect of punching is to weaken the plate to some distance all round
the punched hole, the result will be that in the space between any two successive holes in the straight

line of rivets the plate is weakened to twice the distance that the punching affects, but in the zig-

zag line between the same two holes the plate is weakened to the extent of four times the same
distance. Hence, though the zigzag line will always be the longer in itself, it may be really weaker
than the straight line, if the two rows are near together. The proportion of the distance between
the pitch lines to the pitch itself was respectively from 40 per cent, in Fig. 6555, to 62 per cent, in

Fig. 6556, in the experiments in which the fracture took the zigzag line ; but in another experiment.

Fig. 6557, in which the proportion was as great as 67 per cent., the fracture took place in the straight

line. It therefore seems safe to make the distance between the pitch lines 67 per cent., or |rds of

the pitch in zigzag riveting.
" In chain-riveting, however, the rivets in the second row being opposite those in the first row, as

in Figs. 6558, 6559, are in the same position with respect to the first row as the rivets in a single-

riveted joint to the edge of the lap. Hence by the same rule as before, the distance between the

rivet-holes in the two rows will be one diameter, making the distance between the pitch lines

2 diameters; but as the plate between the holes will be injured at both sides by punching, it will

be safer to make the distance 2h diameters between the pitch lines. This gives the total lap 5J
diameters in chain-riveted joints, which agrees with the rules in use at Lloyd's."

In considering the case of thick plates, as in marine boilers, where the diameter of the rivets

cannot be made twice the thickness of the plate, the proportion of H times may first be taken ; and
substituting this value d = 1$ t in place of d = 2 t in the previous calculations, the results are

19-5 2*66
Pitch = 3| diam., Strength

22-0 " 3-66
to the thickness of plate, the corresponding results are

19-5

= 64 per cent. Taking next the diameter of rivet equal

1-75
Pitch = 2f diam., Strength ;rr

-- x r-== = oG per cent* ° 22 • 2 •
/ o

*
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There is yet another mode of arranging the rivets, namely, in three rows ; and the foregoing

formulae, when adapted to this case, give 4 diameters as the pitch of the middle row, and 8 diame*
ters as the pitch of the outer rows. With these proportions, this triple riveting gives a strength ol

joint equal to 80 per cent, of the plates. We are soon stopped, however, in this direction by a prac-

tical difficulty, whenever a joint has to be made steam-tight. When the pitch is very wide, the

plates are apt to spring under the calking tool. This difficulty of calking the joint has had great
influence in checking the extension of the system of multiple riveting ; and it is evident that

further progress can be made only by effecting improvements in the methods of calking.

In butt-joints, a cover-strip is riveted to each plate, and this cover-strip may be placed on one side

of the plates only, as in Figs. 6560, 6561, or on both sides, as in Figs. 6562, 6563. As we have pre-

viously said, when the cover is on one side only, the joint is virtually a lap-joint, and therefore the
proportions found for this latter joint are equally applicable to the butt-joint. It is evident also

that the butt-joint may be either single or double riveted, and it is equally evident that the thick-

ness of the cover should be equal to that of the plates. If the cover-strips are double, the strain is

equally divided between them, and therefore each strip should be half the thickness of the plate.

In this case the rivets are in what is called double shear ; that is, if they fail, they must do so by
being sheared in two places. Consequently they offer a double shearing area, and hence the equa-
tion becomes '7854 c?

3 x 2P* = tdl*. The proportion of the diameter of the rivets to the thick-

d P
ness of the plate is thus - = . Whence we deduce d = 1*16 1, or the diameter of the

t 1 * 57 Jr

rivet equal | times the thickness of the plate. The equation tor the pitch becomes *7854 d* x 2 P'

= 2 6 1 E, from which we find pitch = 3£ diameters. The proportions of lap will be the same as in

the lap-joint, that is, there will be 3 diameters on each plate, making the total width of the covers

equal to 6 diameters.

6562. 6563.
6560. 6561.

6566.

6564. 6565.

The proportionate strength of this joint as compared with that of the solid plate, is — of

17— = 52£ per cent.

'

When the cover-strips of a butt-joint are each double riveted, as in Figs. 6564 to 6566, the

diameter of the rivets will be the same as in the single-riveted joints, namely, U the thickness ot

the plate ; also, the distance between the two rows of rivets will be the same. Hence the width of

the cover will be double the lap determined for the previous case, or for cham riveting, 11 diameters.

The equation for the pitch is 2 (-7854d 2 x 2P') = 26iR, whence it will be found that the pitch

= 5^ diameters ; therefore, for zigzag riveting, the distance between the pitch lines being two-thirds

of the pitch, we may take the width of the cover-strips as equal to 13 diameters.
4A ~

The proportionate strength of this joint, as compared with that of the solid plate, is — of

19J
22 = 71 per cent.
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Other expedients have been resorted to for strengthening the seams of boilers. In a boiler, the
strain upon the longitudinal joints is twice that upon the transverse joints, and it has been proposed
to arrange the joints

Fim
angle

6567.

o'

Of

6568.

diagonally, as

6567. If the

the joint be 45% a

simple calculation will

show that the tension

upon it is ouly four-

fifths of that upon a
longitudinal joint. Con-
sequently the effective

strength of the joint is

increased in the ratio of

4 to 5. This is an ad-
vantage which should
not be overlooked. An-
other mode of making
the strength of the
transverse and longi-

tudinal joints equal is

to thicken the edges of

the plates, as shown in

Figs. 6568, 6569.
The following Tables show the proportions for riveted joints adopted in practice.

Rules for Boiler Riveting.
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Lloyd's Rules foe Ship Riveting.

Thickness
inches

Diameter
inches

of plates

!

u

}

of rivets ini
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12 i-â. 1 4 1 5 16
io 1Ô 1 6 io ia ia îe 16 16 16 le 16

s 3 1 1
ö 4 8

Rivets to be
larger in

the stem, stern-post and
keel.

ì of an inch
diameter in

" The rivets not to be nearer to the butts or edges of the plating, lining-pieces to butts, or of any
angle-iron, than a space not less than their own diameter, and not to be farther apart from each
other than four times their diameter, or nearer than three times their diameter, and to be spaced
through the frames and outside plating ; and in reversed angle-iron, a distance equal to eight times
their diameter apart. The overlaps of plating, where double riveting is required, not to be lesa

than five and a half times the diameter of the rivets; and where single riveting is admitted, to be
not less in breadth than three and a quarter times the diameter of the rivets."

Liverpool Rules for Ship Riveting.
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" Rivets to be 4 diameters apart from centre to centre, longitudinally in seams, and vertically in

butts, except in the butts where treble riveting is required, where the rivets in the row farthest

from the butt may be spaced 8 diameters apart from centre to centre. Rivets in framing to be eight

times their diameter apart from centre to centre, and to be of the size required in the preceding

Table. All double or treble riveting in butts of plates to be in parallel rows, or what is termed
chain riveting. It is recommended that the necks of all rivets be bevelled under the head, so as to

fill the countersink made in punching, and their heads should be no thicker than two-thirds of the

diameter of the rivet."

See Boiler. Corrosion. Materials of Construction.
Works relating to Riveting;—Stoney (B. B.), 'Theory of Strains,' 8vo, 1873. Burgh (N. P.),

A Treatise on Boilers and Boiler Making,' 4to, 1873. Fairbairn (Wm.), ' Useful Information for

Engineers.'

ROADS. Fr., Routes ; Ger., Strassen ; Ital., Strada ; Span., Caminos.

There is a considerably greater diversity in the character and construction of ordinary roads than
of those which are used solely by steam locomotives. Upon the latter there is but one description

of traffic, that of wheeled vehicles, while upon the former the traffic is of a very miscellaneous kind.
The general character of railways differs but little, whereas that of roads varies according to the
purposes to which they are applied. Ordinary roads are of two principal types, namely, temporary
and permanent roads.

Temporary Roads.—The first idea of a road is a path or track on which a foot-passenger can
travel. In the American forests the trees are blazed or marked to show the direction. On the
prairies men travel by compass or by the stars ; or by watching their own shadows, or noting the
direction of the wind. Successive travellers following the same route will tread down a forest

path, which is the first step towards road-making. On such a road, rivers will be crossed by swim-
ming or wading, or by rafts ; or felled trees might be used on very narrow streams ; while ranges
of hills would be passed by following the beds of mountain torrents. The employment of animals
necessitates the improvement of the roads. The footpaths are widened, the forest is cleared,

rude bridges of logs are formed, or rafts made of wood, of empty vessels, or of inflated skins.

Suppose it is required to make a temporary road from one settlement to another in a wild
unmapped country. If a traverse were run by compass and chain between the two places, and
plotted on paper, the magnetic bearing of the one place from the other would be ascertained, and a
straight line could be run between the two by means of the compass. If two flags are set up in the
proper direction at some distance apart, then, by means of a third flag brought into line with the

two former, a straight line could be run for many miles with a very slight deviation from accuracy.

Where a compass is not available, a fire lighted at one place may, by its smoke, enable its direction

to be seen from the other.

This line so run, and marked by a trench cut in the ground, will often be a practicable line for

the road in a new country ; if not, it will at any rate be a valuable guiding line towards which
all deviations caused by various obstacles should return. The line so marked out should be
cleared for a width of 10, 20, or 30 ft. ; a ditch cut on either side to serve as a drain, and the
earth excavated thrown in the centre of the road to assist the rain-water to run into the ditches.

Inequalities of surface can then be levelled as far as possible. Small streams may be crossed

by temporary bridges if wood is available ; if not, their banks must be cut down, if necessary, to a
gentle slope, so as to enable carts to pass where the stream is dry or nearly so, and such slopes, as

well as the bottom of the stream, may be paved, if material is available.

The following is a description of a temporary road of this kind made over the dry bed of the
Chenab River in the Punjab, and may be taken as a general example.

The total length for the roadway across the Chenab measures 10,600 running feet, of which
1350 ft. consist of a metalled road ; 3500 ft. rest on firm soil, extending from the road embankment
to within 1000 ft. of the south side of river, and the remaining 5800 ft. extend across entire sand.

The roadway consists of one layer of grass fascines, each fascine being 21 ft. long, 6 in. in

diameter, and tightly bound with grass, packed closely together and covered with 6 in. of clay.

On the surface of the clay, and to prevent its cutting into grooves, a very thin layer of loose
grass is constantly maintained. An inch of clay is first laid down on the sand, all hollows
aie filled in and low points somewhat raised, that the foundation may not suffer from the lodgment
of water. In other places the finished road is 1 or 2 in. above the sand.

Whatever improvements are made in such roads should be directed towards the most formidable
obstacles at first ; this is, indeed, self-evident, the strength of a road, as of a beam, being only that
of its weakest part ; but it is not always easy to determine what are the most formidable
obstacles, nor whether it will be more economical to lay out a given sum in raising a portion
of embankment, cutting down a hill, improving the surface, or building a bridge, but much of

course will depend on the peculiar circumstances of each case.

Plank Roads.—Similarly to the trellis road used on the early railways in the United States,
ordinary roads of a temporary character are sometimes constructed exclusively of timber, and are
termed plank roads.

The method most generally adopted in constructing plank roads consists in laying a flooring, or
track, 8 ft. wide, composed of boards from 9 to 12 in. in width, and 3 in. in thickness, which rest
upon two parallel rows of sleepers, or sills,»laid lengthwise in the road, and having their centre lines
about 4 ft. apart, or 2 ft. from the axis of.the road. Sills of various-sized scantling have been used,
but experience seems in favour of scantling about 12 in. in width, 4 in. in thickness, and in lengths
of not less than 15 to 20 ft. Sills of these dimensions, laid flatwise, and firmly imbedded, present
a firm and uniform bearing to the boards, and distribute the pressure they receive over so great a
surface, that, if the soil upon which they rest is compact and kept well drained, there can be but
little settling and displacement of the road surface, from the usual loads passing over it. The
bettor to secure this uniform distribution of the pressure, the sills of one row are so laid as to break
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joints with the other, and to prevent the ends of the sills from yielding, the usual precaution is

taken to place short sills at the joints, either beneath the main sills or on the same level with
them.

The boards are laid perpendicular to the axis of the road, experience having shown that this

position is more favourable to their wear and tear than any other, and is besides the most economical.
Their ends are not in an unbroken line, but so arranged that the ends of every three or four project

alternately, on each side of the axis of the road, 3 or 4 in. beyond those next to them, for the pur-

pose of presenting a short shoulder to the wheels of vehicles, to facilitate their coming upon the
plank surface, when from any cause they may have turned aside. On some roads, the boards have
been spiked to the sills, but this is unnecessary, the stability of the boards being best secured by
well packing the earth between and around the sills, so as to present, with them, a uniform bearing
surface to the boards, and by adopting the usual precautions for keeping the subsoil well drained,

and preventing any accumulation of rain-water on the surface. The boards for plank roads should
be selected from timber free from the usual defects, such as knots and shakes, which would render
it unsuitable for ordinary building purposes, as durability is an essential element in the economy
of this class of structures. Boards of 3 in. in thickness offer all the requisites of strength and dura-
bility that can be obtained from timber in its ordinary state, in which it is used for plank roads.

Besides the wooden track of 8 ft., an earthen track of 12 ft. in width is made, which serves as a
summer road for light vehicles, and as a turn-out for loaded ones; this, with the wooden track,'

gives a clear road surface of 20 ft., the least that can be well allowed for a frequented road. It is

recommended to lay the wooden track on the right-hand side of the approach of a road to a town
or village, for the proper convenience of the rural traffic, as the heavy trade is to the town. The
surface of this track receives a cross slope from the side towards the axis of the road outwards of 1

in 32. The surface of the summer road receives a cross slope in the opposite direction of 1 in 16.

These scopes are given for the purpose of facilitating a rapid surface drainage. The side drains are

placed tor this purpose parallel to the axis of the road, and connected with the road surface in

a suitable slope.

"Where, from the character of the soil, good summer roads cannot be had, it will be necessary to

make wooden turn-outs, from space to space, to prevent the inconvenience and delay of miry roads.

This can be effected by laying at these points a wooden track of double width to enable vehicles

meeting, to pass each other. It is recommended to lay these turn-outs on four or five sills.-» to spring

the boards slightly at the centre, and spike their ends to the exterior sills.

The angle of repose, by which the grade of plank roads should be regulated, has not yet been
determined by experiment, but as the wooden surface is covered with a layer of clean sand, fine

gravel, or tan bark, before it is thrown open to vehicles, and as it in time becomes covered with a
permanent stratum of dust, it is probable that this angle will not materially differ from that on a

road with a broken-stone surface, like that of M'Adam or of Telford, when kept in a thorough
state of repair.

In some of the earlier plank roads made in Canada, a width of 16 ft. was given to the wooden
track, the boards of which were laid upon four or five rows of sills. But experience soon demon-
strated that this was not an economical plan, as it was found that vehicles kept the centre of the

wooden surface, which was soon worn into a beaten track, whilst the remainder was only slightly

impaired. This led to the abandonment of the wide track for the one now usually employed, which
answers all the purposes of the traffic, and is much more economical, both in the first outlay and for

subsequent renewals and repairs. The plank
roads possess great advantages in a densely-

wooded country, and will be found superior to

every other kind as a temporary expedient.

Hill Roads.—The construction of hill roads,

which are frequently of only a temporary cha-

racter, although at times subsequently en-

larged and improved so as to come under the

other category, increases in difficulty with the

quantity of timber met with in the district.

Sometimes footpaths may exist, which, although
mere tracks, will enable in some degree the

nature of the ground to be rightly ascertained.

The ordinary spirit-level is unsuited for the

operation of surveying, or, as it is termed,

tracing out, a hill road. It is too large, and
requires a greater delicacy of adjustment and
manipulation than can be given to it under
the circumstances. The instrument repre-

sented in Figs. 6570 to 6572 is often employed
in India for the purpose in question, and
answers exceedingly well. It goes by the

name of the Gunner's Quadrant, being, with
a few modifications, a level for setting mortars
at their proper angle. The long bar is fitted

with sights at either end, and has a universal

joint screwed on at its centre. The quadrant is

reversed from the position it occupies in the

mortar quadrant, having the arc turned inwards,

and the radius outwards, towards the tracer. An armature, bearing a small spirit-level at its side,

and a vernier to read minutes at ono end, works on tho arc, which, to enable the level to be used

8 o 2

65Ï1. 6572.
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for tracing either up or down hill without reversion, has an excess arc of some 5° on the upper side

of its zero point. The tracing quadrant is fixed to a light stick, shod with iron, of a length sufficient

to bring the pin-hole of the sight within easy distance of the eye. The stick should not terminate

in a point, or the levels will be vitiated. Its base ought to be about li in. in diameter. The for-

ward staff is rather longer than the foregoing, but has a fixed vane, painted white, whose centre

is exactly the same height from the ground as the pin-hole of the quadrant sight. The centre is

denoted by a dot in the middle of a black horizontal line.

The tracer holds the instrument in his hand, having adjusted the armature by the scale and
vernier to the angle of inclination suited to the slope of thè ground. A slope of 1 in 20, correspond-

ing to 2° 52', or to within a few minutes ,of 3°, should be the maximum, except for temporary
descent into water-courses, which may be 1 in 12, or 4° 45'. The holder of the forward staff goes on
a few yards, and is signalled up or down, till the foot of it is resting on the line of the required
slope. The tracer has no difficulty in observing the bubble of the level at the same moment as he
watches the vane of the staff through the pin-hole sight and cross hairs, and as soon as properly
placed, he orders a stake to be driven at its foot. He then moves up to the stake, and sends the
staff-bearer forward to take up a fresh position, and so on till the line is staked in. A party
follows to open out the line, and when it has been inspected and approved of, the road is finished,

to the full width, with a side drain.

This simple method of tracing is admirably suited to rough, undulating country, covered with
forest, where an ordinary spirit-level cannot be easily carried about or set up, and where extreme
accuracy is not imperative, as in the case of permanent roads. Even a practised eye cannot lay out
a road on the hill-side that would not be found to depart widely from the uniform slope proposed,
unless the instrument has been in hand all the time ; eye traces, as they are termed, should there-

fore be proscribed, except on flatfish ground, where the slavish following of the instrument is apt to

lead to the marking of a tortuous line. If a cutting through a saddle or

spur has to be made, it is usual to denote its commencement and end, by
inserting two stakes instead of one, and at descents into streams, the same
course must be observed. Great care should be exercised that the latter are
formed with due regard to facility of passage, for many an excellent road-
trace is marred by insurmountable difficulties at the steep banks of rivers, or
headlong ramps.

Another instrument used for the same purpose is De Lisle's clinometer,

Fig. 6573, and represents the first instrument made. It is in two parts,

separating at the dotted line in the figure. The lower part can be fitted

on in three positions; for packing in its case, with the weight e to the left

of the mirror; for descending slopes, with the arc and weight e behind the
mirror ; for ascending slopes, with the arc and weight e in front of the mirror.

In the more recent instruments, Figs. 6574 to 6578, the lower part does
not draw off, but revolves on the axis of the mirror, and is retained in the
required position by a small spring. The semi-circular arc has two radial

bars, one c, light, the other, /, loaded witli a weight e. For level set the bar

/ against the bar g, and bring the light bar c home in the groove formed
for its reception in the weight e. For a slope of 1 in 50 leave / against g,
and move the light bar c against the top h. For any other slope leave the
bar g against the top h, and set the bevelled edge of bar / to the required
division on the graduated limb of the arc ; see Fig. 6576, where the instru-

ment is set to 1 in 20.

6573.

n

TUU.2Û..

6574. 6575. 6576. 6577. 6578.

In practice it should be remembered that a flatter slope should be used in tracing than that
intended for the finished road, in order to allow for the increased slope due to flattening the curves of
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the line. Thus for a road at 1 in 20 the instrument should be set to 1 in 21 or 22, according to the-

nature of the ground. In using the instrument a levelling staff with sliding vane is convenient.
The vane on the staff must be adjusted to the height of the observer's eye. The observer stands at

the initial point of the trace, and sends an assistant forward with the staff to any convenient
distance ; the observer then holds the instrument up by the ring and makes his assistant move the
staff up or down the slope of the hill until he gets the reflection of the pupil of his eye in the mirror
and the vane to coincide. A stake is then driven in at the foot of the staff. The observer moves
forward to this stake and sends his assistant on for the next station, and so on. In taking cross-

sections of streams the instrument should be adjusted for level, and the vane on the staff moved up
or down at each station until the requisite coincidence is obtained. The level is then read off on the
staff and entered in the usual manner. In windy weather it may be convenient to suspend the
instrument in a wooden box with sight holes. The box should be mounted on a light staff, and the
vane on the levelling staff must be set to the height of the mirror. When the line is staked out and
considered satisfactory, a gauge-path should be cut and the line surveyed either by theodolite or

spirit-level for the plans and estimates.

The great advantage of this instrument will be found on lines along steep cliffs where a theodolite

could not be taken without much risk of injury. It will also save the tedious labour of setting up
and levelling a theodolite at numerous successive stations.

The reflecting level, a small instrument that can be put in the waistcoat-pocket, case and all, is

a most useful little instrument for tracing out a line of road through the hills. The instrument
itself, when drawn out to its full extent, does not exceed 6 in., and is little more than i in. in

diameter. On the top of it is a small spirit-level, and inside the tube a reflector, so placed, that

when looking through the instrument you can observe where the bubble is on the centre of the
rim, at which time the metal reflector shows just one-half of the air-bubble. The line of vision along
the bottom of the reflector is a horizontal line, so that any point which the line intersects is level

with the eye of the observer.

For selecting the general line of road, therefore, this instrument is most useful, as it enables you
to select points of equal altitude with the point of observation, and thus, for the preliminary survey,

it enables you to determine the general direction the road should take, and what points should be
closed on.

Before, however, selecting a new line of road, certain points should be determined on, which will

altogether depend on the object for which the road is intended. As, for example, if only for a foot-

path the gradients may be as great as 1 in 5; a bridle-path, 1 in 7§; laden mules, say, 1 in 10 ;

camels, 1 in 15 ; wheeled carriages, 1 in 25 ; and these gradients should never be exceeded.

The average gradients for the whole length of road where the great object is to ascend a hill

would probably be, for footpath, 1 in 7i ; horses, 1 in 10 ; mules, laden, 1 in 15 ,* camels, 1 in 20 ;

carts, 1 in 50. The advantage of not being confined to one particular gradient is manifest, as by
a change in the gradient the muscles have a different action to perform, so there is not that one
constant strain on them.

All that is required when tracing a line up-hill is a hill walking-staff of say 5 ft. in length.

When the person engaged in the work is very tall it may be even 5J ft. long. This staff should
have an iron point to fix it firmly in the ground, so that the level which is attached to the top of it

may be firmly supported. "With a rope 50 ft. long, having a knot on it 37^ ft., and a hatchet for

clearing away bush tangle, nothing more is required but stakes for staking out the line.

It is evident that, having an instrument looking along a horizontal line, if a point on the hill-side

be fixed on the same level as that of the instrument, and 37J ft. distant from it, the gradient is

exactly 1 in 7¿, and at 57 ft. 1 in 10, if measured from the top of the staff; but as this may not be
convenient, allowance can be made for the extra length of the hypothenuse, but practically it is

nothing, and may be left out. It may be said, therefore, that from 37£ to 50 ft. is the length of the

tether when a bridle-road is to be traced out, and stakes driven at the same level as the instrument
will give a gradient of 1 in 1\ at 37J ft., so all that is required is to see the ground at these distances,

or any distances between, to keep the gradient right while working up-hill. This, however, entails

a good deal of clearing away bush, so it is better, if possible, to work down-hill. In this case a
10-ft. rod is required, double the height of the instrument, and all one has to do is to look at the top

of the rod and see that it is at the proper level.

Where the gradients are less steep, the rope has simply to be lengthened ; as, for example, where
the gradient is to be 1 in 52, the length of rope must be 25 x 5 = 125 ft., and any distance beyond
the 125 ft. must make the gradient less steep.

The stakes laid down are on the centre line of the intended road, and in order to open it out a

strong Hue must be stretched from the one stake to the other. This allows of the gradient being

worked to with sufficient accuracy.
Permment Roads.—Selection of Route.—Suppose that it is desired to form a road between two

distant towns, A and B, Fig. 6579, and let us, for the present, neglect altogether the considération

of the physical features of the intervening country, assuming that it

is equally favourable whatever line we select. Now, at first sight, it

would appear that under such circumstances a perfectly straight line

drawn from one town to the other would be the best that could be
chosen. On a more careful examination, however, of the locality, we
may find that there is a third town, C, situated somewhat on one side

of the straight line which we have drawn from A to B ; and although
our primary object is to connect only the two latter, that it would t »

nevertheless be of considerable service if the whole of the three towns were put into mutual connec-

tion with each other. Now this may be effected in three different ways, any one oí which might,

under certain circumstances, be the' best. In the first place, we might, as originally suggested
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form a straight road from A to B, and, in a similar manner, two other straight roads from A to C,

and from B to C, and this would be the most perfect way of effecting the object in view, the dis-

tance between any two of the towns being reduced to the least possible. It would, however, be
attended with considerable expense, and it would be requisite to construct a much greater length

of road than according to the second plan, which would be to form, as before, a straight road from
A to B, and from C to construct a road which should join the former at a point D, so as to be per-

pendicular to it. The traffic between A or B and C would proceed to the point D, and then turn off

to C. With this arrangement, while the length of the roads would be very materially decreased,

only a slight increase would be occasioned in the distance between C and the other two towns.

The third method would be to form only the two roads A C and C B, in which case the distance

between A and B would be somewhat increased, while that between A and C, or B and C, would
be diminished, and the total length of road to be constructed would also be lessened.

As a general rule it may be taken, that the last of these methods is the best, and most conve-

nient for the public, that is to say, that if the physical character of the country does not determine

the course of the road, it will generally be found best not to adopt a perfectly straight line, but to

vary the line so as to pass through all the principal towns near its general course. According to

the first arrangement, any vehicles established to convey passengers or goods between the two
terminal towns would pass through all those which were intermediate, while, if the straight line

and branch-road system were adopted, it would be requisite also to have a branch service to meet
the service on the main line.

In laying out a road in an old country which has been long inhabited, and in which the position

of the various towns requiring road accommodation is already determined, we are left less at liberty

in the choice and selection of the line of road, and must be guided in that choice by different con-

siderations to those which would determine the line of a road made through a new country, where
the only object is to establish the easiest and best road between two distant stations. In the first

case we should take into consideration the position of the various towns and other inhabited

districts situated near the intended road, and its course would be, to a certain extent, controlled

thereby ; while, in the second case, we should simply examine the physical characters of the

country, and base all our proceedings on the result. Whichever of these two cases, however, may
have to be dealt with, in the ultimate selection and adoption of the line of road between those points

winch are fixed by other circumstances, the same careful examination of the physical character of

the country should be made, and the same principles should control the choice.

A very good idea of the best direction for a road may be obtained by laying out a series of

preliminary lines, as in Fig. 6580. Let A B be a portion of the intended line, and C C the

breadth of country under consideration. At
any suitable distances select stations S S S,

their distances apart depending on the changes
of level, and let the principal line A B, and
also the cross lines CO, OC, Fig. 6580, be
accurately levelled, and then drawn, on the

plan of the line of the road. If the distance

C C is required to be considerable, perhaps 'an

additional line in the principal direction may
be necessary. The etched lines show the form
of the surface at the lines AB, C C on the plan
of the latter being sections at right angles to

A B, there is no difficulty in seeing the ex-

tent of cutting or .of embankment that may be avoided by varying the position of the intended
line. A plan of this description to a person conversant with sections is as good as a model »f the
country. In selecting the line for a permanent road, useless ascents should be avoided as much
as possible, that is, ascending where a subsequent descent must be made, and the reverse. When
a line of road is encumbered with numerous and extensive useless ascents, the wasteful expendi-
ture of power in the conveyance of goods is very great, as the number of feet actually ascended
is increased many times more than is necessary, if such height, when once gained, were not lost

again. As one instance, amongst others, of the serious injury which the public sustains by this

system of road-making, the road between London and Barnet may be mentioned, on which the
total number of perpendicular feet that a horse must now ascend, is upwards of 1300, although
Barnet is only 500 ft. higher than London, and in going from Barnet to London, a horse
must ascend 800 ft., although London is 500 ft. lower than Barnet. Another instance of this

defect in road engineering is observable in the line of the old road across the Island of Anglesea,
on which a horse was obliged to ascend and descend 1283 perpendicular feet more than was
found necessary by Telford when he laid out the present new line, as shown by the annexed
Table ;—

6580.

Old road
New road

Difference

Height of Summit
above High Water.

339
193

146

Total Rise
and Fall.

3540
2257

1283

Length.

miles, yards.

24 428
21 1596

592
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In choosing the best direction for a line of roadway, the rate of inclination which oan bo
obtained, with a moderate outlay of capital in cuttings and embankments, is a consideration of

greater importance than the mere maintaining of a direct line.

Gradients and Tractive Resistance.—In the case of an ordinary metalled road the maximum
gradient is fixed by two considerations, one relating to the power expended in ascending, the other

to the acceleration in descending the incline.

The ascent should not be so steep as to prevent the horses taking up the full load which they
can draw on the level. Now a horse will exert for a short time twice the average tractive pull

which he can exert continuously throughout a day's work. Hence, so long as the resistance on the
gradient is not more than double the resistance on the level, the horse will be able to take up the
full load which he is capable of drawing. If the resistance to traction on metalled roads is taken
at one-thirtieth of the load on the wheels, then the maximum gradient should not exceed 1 in 30 ;

because on that slope the gradient resistance is equal to the resistance on the level, and the total

resistance exactly doubled.
Again, in regard to descending, it may be assumed that the slope should not be so great that

the gravity acting down the slope should exceed the resistance to traction, because in that case the
carriages or wagons would tend to accelerate in velocity under the action of gravity alone, and
brakes would have to be used to control the descent, causing a waste of work in friction. This con-
sideration again fixes the maximum gradient desirable on metalled roads at 1 in 30. For a short
distance, steeper gradients of 1 in 20 and 1 in 15 may be adopted with economy, but their number
should be as few as possible.

Wheel-carriages and sledges are the vehicles capable of plying on roads. The latter are only
suitable for roads in which the surface is either too soft or too steep to admit of the use of the other

description. The tractive resistance of sledges has not been accurately ascertained. It is stated by
Kossak that the resistance of an iron-shod sledge on hardened snow is about one-thirtieth of the
gross load. The resistance of wheel-carriages on roads consists of a constant quantity and a quan-
tity increasing with the velocity of transit. Putting K for the radius of the wheels in inches, V for

the velocity in feet per second, A and B for the two constants, we have for F, the proportion to

the gross load, F = ^ — . When the carriages are on springs F, for wheels of

18 in. diameter, and V equals 14*67 and 7 '33 respectively, the values for A are 0*4 to '55 for good
broken stone roads and • 27 to * 39 for pavements. The corresponding values for B are 025 and

• 068 to • 03. When V has a value of 14 67 that of F is for roads of broken stone • 038 to ' 046,
and for pavements 060 to • 041. When V = 7 • 33, F has values of • 028 to • 036, and 030 to

• 028. When the carriages have no springs, the value of the constant B is 3 5 that for carriages

with springs. Table I. is deduced from experiments made by John Macneill.

Table I.

F.

Stone pavement . . 015
Broken-stone road on firm foundation * 020
Broken-stone road on flint foundation 0*029
Gravel road 0-067
Soft sandy and gravelly ground * 143

If W be the greatest gross load to be conveyed, S the sine of the angle of the inclination of the

gradient, then the maximum resistance will equal W (F + S). If P be the greatest tractive force

which can be exerted in ascending the gradient, then we have P not less than W (F + S), or S
P

should not be greater than — — F. This condition is essential, and fixes the inclination of theW
ruling gradient.

The following are the general results of the experiments made by Morin upon this subject ;

—

1st. The traction is directly proportional to the load, and inversely proportional to the diameter
of the wheel.

2nd. Upon a paved or hard macadamized road, the resistance is independent of the width of the

tire, when it exceeds from 3 to 4 in.

3rd. At a walking pace the traction is the same, under the same circumstances, for carriages

with springs and without them.
4th. Upon hard macadamized and upon paved roads, the traction increases with the velocity

;

the increments of traction being directly proportional to the increments of velocity above the
velocity 3 28 ft. a second, or about 2J miles an hour. The equal increment of traction thus due to

each equal increment of velocity is less as the road is more smooth, and the carriage less rigid or

better hung.
5th. Upon soft roads of earth, or sand, or turf, or roads fresh and thickly gravelled, the traction

is independent of the velocity.

6th. Upon a well-made and compact pavement of hewn stones, the traction at a walking pace is

not more than three-fourths of that upon the best macadamized roads under similar circumstances,

and at a trotting pace it is equal to it.

7th. The destruction of the road is in all cases greater, as the diameters of the wheels are less,

and it is greater in carriages without than with springs.
The general results obtained by John Macneill are given in the following Table, the

numbers in which exhibit the tractive force requisite to movo a weight of a ton under ordinary
circumstance, at a very low velocity upon the several kiuds of road mentioned.
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Table IL

Description of Road.

On a well-made pavement
On a road made with 6 in. of broken stone of great hardness, laid either on a founda-i

tion of large stones, set in the form of a pavement, or upon a bottoming of concrete/

On an old flint road, or a road made with a thick coating of broken stone, laid on)
earth /

On a road made with a thick coating of gravel, laid on earth

Force, in lbs.,

required to

move a ton.

33

46

65

147

Macneill has also given the following formulée for calculating the resistance to traction on
various kinds of roads. They have been deduced from a considerable number of experiments made
on the different kinds of road specified below, with carriages moving at various velocities. Putting
K for the force required to move the carriage, W the weight of the carriage, w that of the load, all

expressed in pounds, v the velocity in feet a second, and c a constant number, which depends upon
the surface over which the carriage is drawn, and the value of which for several different kinds of

roads '- as follows ;

—

On a timber surface c = 2
On a paved road c = 2
On a well-made broken-stone rof.d, in a dry, clean state c = 5
On a well-made broken-stone road, covered with dust c — 8
On a well-made broken-stone road, wet and muddy .

.

c = 10
On a gravel or flint road, in a dry, clean state . . .

.

c = 13
On a gravel or flint road, in a wet and muddy state .

.

c — 32

We have, in the case of a common stage wagon, K = ——— + — + c v ; and in the case of a

stage coach, K = —^-- + — + c v.

As an example. What force would be required to move a stage coach weighing 2060 lbs., and
having a load of 1100 lbs., at a velocity of 9 ft. a second along a broken-stone road covered with
dust ? s

_ , 2060 + 1100
,
1100 , _ . no. . _, . ., „ . ,

Here we have ——
1
——— + 8x9 = 131 1 lbs. for the force required.

100 40
We may now consider the additional resistance which is occasioned when the road, instead of

being level, is inclined in a greater or less degree. In order to simplify the question, let us suppose
the whole weight to be supported on one pair of wheels, and that the tractive force is applied in a
direction parallel to the surface of the road. On this supposition let A B in Fig. 6581 represent a
portion of the inclined road, C being a carriage just sustained in its

position by a force acting in the direction C D. It is evident that the 6581.

carriage is kept in its position by three forces, namely, by its own
weight W acting in the vertical direction C F, by the force F applied
in the direction C D, parallel to the surface of the road, and by the
pressure P which the carriage exerts against the surface of the road
acting in the direction C E, perpendicular to the same. To determine
the relative magnitude of these three forces, draw the horizontal line

A G, and the vertical one B G ; then, since the two lines C F and B G
are parallel, and are both cut by the line A B, they must make the two
angles C F B and A B G equal ; also the two angles CEF and A G B are equal, being both right
angles ; therefore the remaining angles F C E and BAG are equal, and the two triangles C F E
and A B G are similar. And as the three sides of the former are proportional to the three forces by
which the carriage is sustained, so also are the three sides of the latter, namely, A B, or the length
of the road is proportional to W, or the weight of the carriage B G, or the vertical rise in the same
to F, or the force required to sustain the carriage on the incline, and A G on the horizontal distance
in which this rise occurs to P, or the force with which the carriage presses upon the surface of the road.

We have thereforeW : A B : : F : G B, and W : A B : : P : A G. And if we give to A G such
a value that the vertical rise of the road is exactly 1 ft., we shall have

t,W W W.AGW.AGF= — = —— = W.sin./B, and P = ' = .
—- = W, cos, ft,AB Vag2 + i ab Vaghi

in which ß is the angle B A G.
Example.—What is the force required to sustain a carriage weighing 3270 lbs. upon a road, the

inclination of which is 1 in 30, and what is the pressure of the same upon the surface of the road ?

Here the horizontal length of the road AG being 30, the inclined length AB = VÀG 2 + 1 is

30-017, and we have, by the first rule, 3270 -h 30-017 = 108 '93 lbs. for the force required to sustain
the carriage on the road; and, by the second rule, (3270 x 30) -i- 30 017 = 3269 -9 lbs. for the pres-
sure of the carriage upon the surface of the road.

Since the pressure of a carriage on a sloping road is found by multiplying its weight by the
horizontal length of the road, and dividing by the inclined length, and as the former is always less

than the latter, it follows that the force with which a carriage bears upon an inclined road is less
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than its actual weight, as will be seen in the foregoing example, in which it is about 2 lbs. less.

Unless the inclination is very steep, it is not necessary to calculate the pressure, which may be
assumed to be equal to the weight of the carriage.

If R expresses the resistance which has to be overcome in moving any particular carriage at a
given rate upon a horizontal road, then R x F will be the resistance upon ascending a hill, and
R — F upon descending a hill, with the same velocity, in both cases neglecting the decrease in the
weight of the carriage produced by the inclination of the road. Taking, however, this decrease into

consideration, the following modification in the formulas will be requisite to adapt them to an
(W -f- w w \

—oq y Zñ) • cos ' ^ ^ ("^ -*" wi ' s*n ' — ß + cv
•

in the case of a common

(TV -4- w w \—f" In ) *
C0S- ^ ^^ ~*~ w

) '
s*n

* # + c u
•
*ne

upper sign being taken when the vehicle is drawn down the incline, and the lower when it is drawn
up tlie same.

Neglecting the decrease in the weight of the carriage, in order to ascertain the resistance in

passing up or down a hill, we have only to calculate by the rule already given the resistance on a
level road, to which, if the carriage ascends the hill, we must add, or if it descends, subtract, the
force requisite to sustain the carriage on the inclined road, calculated by the proper rule. The sum
or difference, as the case may be, will express the resistance required.

As an example, let us take, as before, the case of a stage coach weighing 2060 lbs., besides a

load of 1100 lbs., and having to be moved at a velocity of 9 ft. a second along a broken-stone road
whose surface is covered with dust, and inclined at the rate of 1 in 30.

Then the force to sustain the coach on this slope will be -^7— — 105*3 lbs., which, added to the
30

force already found as being requisite to move the same coach on a level road, will be

(105-3 + 131-1 =) 236-4 lbs.

for the force required to move the coach with a velocity of 9 ft. a second up an inclination of 1 in

30; and subtracted from the same, will be (131-1 — 105*3 = ) 25*8 lbs., the force required to move
the coach with the same velocity down the same inclination.

The same example worked by the formula will give

/2060 + 1100 , 1100\
t(

" I 1

- + 9995 + (2060 + 1100) '0333 + 8 x 9 = 236-3 lbs.

+ -_J -9995 - (2060 + H00) -0333 - 8 X 9 = 25*84 lbs.

\ 100 ' 40 /

when the carriage is drawn up the incline, and

/2060 + 1100 1100 \

V ÏÔÔ ^40

when the carriage is drawn down the incline, the result being the same as that given by the rule.

Table III. has been calculated in order to show with sufficient exactness for most practical

purposes the force required to draw carriages over inclined roads, and the comparative advantage of

such roads and those which are perfectly level. The first column expresses the rate of inclination,

and the second the equivalent angle ; the two next columns contain the force requisite to draw
a common stage wagon weighing with its load 6 tons, at a velocity of 4*4 ft. a second, or 3 miles an
hour, along a macadamized road in its usual state, both when the hill ascends and when it descends ;

the fifth and sixth columns contain the length of level road which would be equivalent to a mile in

length of the inclined road ; that is, the length which would require the same mechanical force to

be expended in drawing the wagon over it as would be necessary to draw it over a mile of the

inclined road ; the four next columns contain the same information as the four last described, only

with reference to a stage coach supposed to weigh with its load 3 tons, and to travel at the rate of

8 - 8 ft. a second, or 6 miles an hour.
Table III.

Rate of

Inclina-

tion.

1 in 600
575
550
525
500
475
450
425
400
375
350

lì

>>

>>

">>

it

>>

ÌÌ

Angle with
the horizon.

For a Stage Wagon.

44
59
15

6 33
6 53
7 14

7 38
8 5
8 36
9 10
9 49

Force
required
to draw

the
wagon up

the
incline.

Force
required
to draw

the
wagon
down the

incline.

Equivalent
length of

level road
for an

ascending
wagon.

lbs. lbs.

286 241

287 210
288 239
289 238
291 237
292 235
294 234
295 232
297 230
300 228
302 225

miles.

1-085
1-088
1-093
1-097
1-102
1-107
1-113
1-120

Equivalent
length of

level road
for a

descending
wagon.

1-12S
136

116

miles.

•9150
•9116
•9074
•9029
•8979
•8926
•8869

•8801
•8725
•8612
8513

For a Stage Coach.

Force Force
req\iired required

¡

to draw to draw
the coach the coach
up the down the

incline. incline.

lbs.

373
373
374
374
375
376
:;t7

377
378
380
381

Equivalent
length of

level road
for an

ascending
coach.

Equivalent
length of
level road

for a
(leset nding

coach.

lbs. mil s.

350 1 030
350 1 032
319 1 033
319 1 035
348 1 037
347 1 039
347 1 011
316 1 043
345 1 016
344 1 019
342 1 053

miles.

•9690
•9676
•9662
•9616
•9629
•9605
• 9588
•9563
•95:;5

•9505
•9169
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Table III.—continued.

For a Stage Wagon. For a Stage Coach.

Rate of
Force

required
to draw

the

Force
required
tr* Hraw

Equivalent Equivalent Force Force Equivalent Equivalent

inclina-
Angle with length of length of required required length of length of

tion*
the horizon. \1XJ Ult»W

the
level road level road to draw to draw level road level road

for an for a the coach the coach for an for awagon wp
the

wagon
(Lowvh flip

ascending descending up the down the ascending descending

incline. incline.
wagon wagon. incline. incline. coach. coach.

o i n lbs. lbs. miles. miles. lbs. lbs. miles. miles.

1 in 325 10 35 305 222 1-157 •8433 382 341 1-056 •9430

„ 300 11 28 309 219 1-170 •8301 384 339 1-061 -9381

„ 290 11 51 310 217 1-176 8245 385 338 1-064 •9358

„ 280 12 17 312 216 1-182 •8179 386 338 1-066 •9336

„ 270 12 44 314 214 1-189 •8111 386 337 1-068 •9314

„ 260 13 13 315 212 1-196 •8039 387 336 1-071 •9286

„ 250 13 45 317 210 1-204 •7963 388 335 1-074 •9259
„•240 14 19 320 208 1-212 7876 390 334 1-077 •9226

„ 230 14 57 322 205 1-222 •7785 391 332 1-080 •9192

» 220 15 37 325 203 1-232 •7683 392 331 1-084 •9156

» 210 16 22 323 200 1 243 7573 394 330 1-088 •9115

„ 200 17 11 331 197 1-255 7451 395 328 1-092 •9071

„ 190 18 6 334 193 1-268 7319 397 326 1-097 •9024

„ 180 19 6 338 189 1-283 7171 399 324 1-103 •8968

„ 170 20 13 343 185 1-300 7004 401 322 1-109 •8908

„ 160 21 29 348 180 1-319 6814 404 320 1-116 •8839

„ 150 22 55 353 174 1-341 6587 406 317 1-123 •8761

„ 140 24 33 360 168 1-364 6339 410 314 1 • 132 •8673

„ 130 26 27 367 160 1 392 6079 413 310 1-142 •8573

„ 120 28 39 376 152 1-425 5752 418 306 1-154 •8451

„ 110 31 15 386 142 1-451 5491 423 300 1-169 •8308

„ 100 34 23 398 129 1-510 4903 429 294 1-185 •8142

„ 95 86 11 405 122 1-537 4634 432 291 1-195 •8045

„ 90 38 12 413 114 1-566 4338 436 287 1-206 •7937

„ 85 40 27 422 106 1-600 4004 441 282 1-219 •7801

„ 80 42 58 432 96 1-637 3629 446 278 1-232 •7677

„ 75 45 51 443 85 1-680 3204 451 272 1-247 •7522

„ 70 49 7 456 72 1-728 2719 457 266 1-265 •7345

„ 65 52 54 470 57 1-784 2161 465 258 1-285 •7143

„ 60 57 18 488 40 1-850 1505 474 250 1-309 •6903

„ 55 1 2 30 508 19 1-926 0736 484 239 1-337 •6620

„ 50 18 6 533 « « 2-019 ,

,

496 227 1-371 •6283

„ 45 1 16 24 562 4 , 2-133 ,

,

511 212 1-412 •5871

„ 40 1 25 57 600 • • 2-274 .

.

530 194 1-464 •5354

„ 35 1 38 14 648 • • 2-456 .

,

554 170 1-530 •4690

„ 34 1 41 8 659 # , 2-499 ,

.

559 164 1-546 •4535

„ 33 1 44 12 671 m , 2-544 .

,

565 158 1-562 •4370

„ 32 1 47 27 684 , , 2 593 ,

,

572 152 1-580 •4193

„ 31 1 50 55 697 , , 2-644 , » 578 145 1-599 •4007

„ 30 1 54 37 712 • • 2-699 ,

,

586 138 1-619 •3805

„ 29 1 58 34 727 # , 2-758 f , 593 130 1-640 •3592

„ 28 2 2 5 744 • » 2-820 .

.

602 122 1-663 •3363

„ 27 2 7 2 762 • • 2-888 .

,

610 113 1-688 •3119

„ 26 2 12 2 781 * * 2 960 ,

,

620 103 1-714 •2854

„ 25 2 17 26 801 ë , 3 038 ,

,

630 93 1-743 •2566

„ 24 2 23 10 823 # # 3-120 ,

,

641 82 1-774 •2257

„ 23 2 29 22 847 • t 3-213 t , 653 69 1-808 •1919

„ 22 2 36 10 874 f 9 3-313 9 f 666 56 1844 •1554

„ 21 2 43 35 903 # , 3 423 # , 681 42 1-884 •1150

„ 20 2 51 21 933 # , 3-538 , # 696 26 1-926 •0730

„ io 3 46 970 m 9 3-677 ,

,

714 8 1-977 •0221

„ 18 3 10 47 1009 , , 3-826 # t 734 # m 2-032 # ,

„ 17 3 21 59 1053 m 9 3-991 # t 756 # # 2-092 • •

„ 16 3 34 35 1102 m m 4-178 # ^ 780 m t 2-160 # ,

„ 15 3 48 51 1157 * • 4-388 # , 807 # # 2-234 • •

,, H 4 5 14 1221 • • 4-629 , t 839 # # 2-322 # ,

n 13 4 23 56 1294 • • 4-906 ,

,

875 ., 2-423 , #

„ 12 4 45 49 1379 i 4 5-229 • • 918 2-540 # #

„ H 5 11 40 1480 • • 5-611 •

.

968 .. 2-679 m #

„ 10 5 42 58 1600 • 6-067 , t 1028 .. 2-846 • •

» » 6 20 25 1747 # t 6-623 ,

,

1101 ,, 3-048 • •

» 8 7 7 30 1929 # , 7-315 t , 1192 .. 3-300 # t

» 7 8 7 48 2162 •• 8-199 • • 1308 •• 3-621 ••
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The foregoing Table may be considered as affording a view of the comparative disadvantage of

hilly roads with light and heavy traffic. The stage wagon, weighing G tons, and travelling at the
speed of 3 miles an hour, may be taken as a fair average for goods traffic, and the stage coach,

weighing 3 tons, and running 6 miles an hour, for passenger traffic. From the Table we perceive

that hills act much more unfavourably on the former than on the latter. The force which would be
requisite to move the wagon on a level road would be 264 lbs., and that to move the coach 3G2 lbs.,

being an excess of 98 lbs. for the traction of the coach; but with a road inclined at the rate of 1 in

600, this excess is only (373— 286) = 87 lbs., and when the inclination of the road amounts to about
1 in 70 the forces required to draw them become equal. As the inclination of the road increases

beyond this, the excess of the force requisite to draw the wagon over that necessary to move the
coach increases rapidly, until, at an inclination of 1 in 7, it amounts to (2162 — 1308) = 854 lbs.

If we compare the forces required to draw either the wagon or coach up and down any given in-

cline, we shall find that.the former is as much greater than the force required on a level road as the
latter is less than the same. It might thence be concluded that in the case of a vehicle passing
alternately along the road, no real loss would be occasioned by the inclination of the road, since as

much power would be gained in the descent of the hill as was lost iu its ascent. Such is not, how-
ever, practically the fact, for while the inclinations of the road render it necessary in the ascending
journey to have either a greater number or more powerful horses than would be requisite if the
road were entirely level, no corresponding reduction can be made in the descending journey, as there

must be horses sufficient to draw the vehicle along the level portions of the road.

Table IV.

Gradient.
Vertical
rise in a
mile.

Vertical
rise in a
chain.

1 in 10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
55

n

n
»
n

it

ti

11

»

11

»>

11

11

11

11

»J

11

11

11

11

11

11

11

11

11

11

11

11

11

11

11

»
11

11

11

11

11

11

11

11

11

528-0
480-0
440-0
406-1
377-1
352-0
330-0
310-6
293-3
277-9
264-0
251-4
240-0
229-6
220-0
211
203
195
188
182
176-0
170-3
165-0
160-0
155
150
146
142
138-9
135-4
132-0
128-8
125-7
122-8
120-0
117-3
114-8
112-3
110-0
107-7
105-6
96-0

Angle 9
which gra-
dient makes
with the
horizontal.

6-60
6-00
5-

5-

4-

4-

4-

3-

3-

3'

3"

3-

3-

2-

2'

2-

2'

2'

2'

2'

2'

2

2
2'

1

1

1

1

1

1

1

1

1

50
08
71

40
12

88
67
47
30
14
00
87
75
64
54
42
36
28
20
13
06
00
94
88
86

78
74
69
65
61
•57

1-53

50
47
44
40
37
35
32

Sine of

angle 9.

1-20

42 58
11 40
45 59

23 56
5 14

48 51

34 35
3 21 59
3 10 47

46
51 21
43 35
36 10
29 22
23 10

17 26
12 2
7 2
2 5

58 34
54 37
50 55
47 27
44 12
41 8

38 14

35 28
32 53
30 27
28 8
25 57
23 50
21 50
19 56
18 7
16 24
14 43
13 8

11 37
10

8
2

9
6

30

•09960
•09054
•08309
•07670
•07128
•06652
•06238
•05872
•05547
•05256
•04982
•04757
•04541
•04344
•04163
•03997
•03840
•03694
•03551
•03448
•03333
•03226
•03125
•03031
•02941
•02857
•02777
•02702
•02631
•02563
•02500
•02438
02380
•02325
•02272
•02222
•02173
•02127
•02083
•02040
•01981
•01818

Gradient.

Vertical
rise in a
mile.

Vertical

rise in a
chain.

lin 60
65
70
75
80
85
90
95
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280
290
300
325
350
375
400
425
450
475
500
525
550
575
600

ii

ii

a

ii

ii

ii

ii

ii

ii

ii

a

ii

ii

ii

ii

ii

ii

a

ii

a

ii

h

ii

n

ii

ii

ii

ii

ii

ii

ii

ii

a

a

ii

ii

ii

ii

a

Angle 9
which gra-

dient makes
with the

horizontal.

Sine of
angle 9.

88- 1- 10
81- 2 r 02
75- 4 94
70- 4 88
66- 82
62- 1 78
58- 7 69
55' 6 69
52- 8 66
48 60
44' 55
40' 6 51

37 7 47
35' 2 44
33 41
31' 1 39
29 3 37
27 8 35
26 4 33
25 1 31
24 30
23 29
22 27
21 1 26
20 3 25
19 6 24
18 9 24
18 2 23
17 6 22
16 2 20
15 1 19
14 •0 •18

13 2 17
12 •4 •16

11 •7 15
11 1 14
10 •6 13
10 1 12
9 •6 •12

9 •2 11
8 •8 11

57
52
49
45
42
40
38
36
34
31
28
26
24
22
21

20
19

18

17
16
15
14
14
13
13
12

12
11

11

10

9

18
54
7

51

58
27
12
11

23
15
39
27
33
55
29
13
6

6

11

22
37
57
19
45
13
44
17
51

28
35
49
10
36
5

33
14
53
33
15

59
44

01667
01539
01429
01334
01250
01177
01111
01053
01000
00909
00833
00769
09714
00666
00625
005S8
00556
00527
OO500
00476
00454
00435
00417
00400
00385
00370
00357
00345
00334
00308
00267
00267
00250
00235
00222
00210
00200
00191
00182
00174
00167

In a practical point of view, therefore, we may consider that the fifth and ninth columns in
Table III. express the length of the level road which would be equivalent to a mile of road with
the stated inclination, the former giving the result for heavy traffic, and the latter for passenger
traffic. For instance, opposite 1 in 75, we find in the ninth column 1-247 mile, or nearly a
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mile and a quarter, stated as the length of a road having that inclination which would be equi-

valent to one mile of a similar road perfectly level, because the same force would be requisite to

move a coach of 3 tons at a velocity of 6 miles an hour along one as along the other. Although,
however, they might be considered equal as far as the power requisite for traction was concerned, in

other respects one might be more advantageous than the other ; as, for instance, the shorter road

would cost least for repairing, and would occupy least time in being passed over. Table III., there-

fore, merely expresses the equivalent length as far as the meehanical power required for the traction

is concerned. The relative merits in other respects depend generally upon so many various circum-

stances as to render it quite impossible to lay down any specific rules for their determination.

In Table IV. are given several valuable data for laying down the gradients on roads. The first

column gives the gradient expressed in the proportion of the horizontal length to that of the per-

pendicular height. The second and third columns show the vertical rise in miles and chains
respectively. The fourth column contains the angle of inclination with the horizontal, and the last

column the sine of the same angle, which will be found to facilitate the necessary calculations.

Cross-section of Roads.—The subject of the width and transverse form which should be given to

roads must now be considered. As regards the first, a wide road is the best. It is an error to

suppose that the cost of repairing a road depends entirely upon the extent of its surface, and conse-

quently increases in the exact ratio of its width. The cost of a mile of road depends more upon the
extent and nature of the traffic, and unless extremes be taken, it may be asserted that the same
quantity of materia] would be necessary for the repair of a road, whether wide or narrow, which
was subjected to the same amount of traffic. On the narrow road, the traffic, being confined more
to one track, would wear the road more severely than when spread over a larger surface. The
expense of spreading the material over the wider road would be somewhat greater, but the cost of

the materials might be taken as the same. One of the advantages of a wide road is, that the wind
and sun exercise more influence in keeping its surface dry. The first cost of a wide road is cer-

tainly greater than that of a narrow one, and that nearly in the ratio of its increased width.

For roads situated between towns of any importance, and exposed to much traffic, the width
should certainly not be less than 30 ft., besides a footpath of 6 ft. In the immediate vicinity

of large towns and cities, thcwidth should be still further increased. No specific rules can, how-
ever, be given for the width in such situations, as experience will soon show the width which is

requisite in any given situation.

The form to be given to the cross-section of a road is a subject of much importance, and one upon
which much difference of opinion exists. Some advocate a considerable curvature in the upper
surface of the road, with the view of facilitating the drainage of its surface, while others object to a
road being much curved. Again, some roads have been formed on a flat surface transversely, and
others with a dip to the formation surface each way from the centre, on the supposition that the
drainage of the road will be thereby facilitated.

One of the best forms which could be given to a road, is that its cross-section should be formed
of two straight lines inclined at the rate of about 1 in 30, and united at the centre or crown of the
road by a segment of a circle, having a radius of about 90 ft. This form of section is shown in
Fig. 6582, and the rate of inclination there given is quite sufficient to keep the surface of a road
drained, provided it is in good order and free from ruts. If such is not the case, no amount of con-
vexity which could be given to the road would be of any avail, as the water would still remain in
the hollows or furrows. This form of cross-section is equally adapted to all widths of road, as the
straight lines have merely to be extended at the same rate of inclination, until they meet the side of
the road.

65R2.
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Drainage of Roads.—Too much attention cannot be paid to the drainage of roads, both as regards
their upper surface, and that of the substructure on which they rest. To assist the surface drainage,
the road should be formed with the transverse section shown in Fig. 6583, and on each side of the road
a ditch should be formed of sufficient capacity to receive all water which can fall upon the road, and
of such a depth, and with a sufficient declivity, to conduct the same freely away. When footpaths
have to be constructed on the sides of the roads, a chaunel or water-course should be formed between
them, and small drains, formed of tiles or earthen tubes, such as are used for under-draining lands,

should be laid under the footpath, at such a level as to take off all the water which may collect in
this channel, and convey it into the ditch.

In the best-constructed roads, these side channels should be paved with flints or pebbles. The
drains under the footpath should be introduced about every 60 ft., and should have the same inclination,
namely, 1 in 30, as used for the sides of the road, Fig. 6582; a greater inclination would be objec-
tionable. It is a very frequent mistake to give too full a fall to small drains, the only effect of
which is to produce such a current through them as to wash away or undermine the ground around
them, and ultimately cause their own destruction. When a drain is once closed by any obstruction,
no amount of fall which could be given to it will again clear the passage, while a drain, with a
considerable current through it, is much more likely to be stopped from foreign matter being carried
into it, which a less rapid stream could not have transported there.
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In the case of a road whose surface was drained in the way just described, and whose surface was
composed of proper materials in a compact state, very little water would find its way through to the
substratum. With some descriptions of soil, however, it would be desirable to adopt means for

maintaining the foundation of a road in a dry state; as, for instance, when the surface is a strong

clay through which no water can percolate, or when the ground beneath the road is naturally of

a soft, wet, or peaty nature. Under such circumstances it would be desirable to provide for its

proper drainage by a species of under-drainage. As soon as the surface of the ground has been
formed to the level intended for the reception of the road materials, trenches should be formed
across the road, from 1 ft. to 18 in. in depth, and about 1 ft. wide at the bottom, the slides being
sloped as shown in Fig. 6584. The distance at which these drains ought to be formed depends
in a great measure on the nature of the soil. In the case of a strong clay soil, or one natu-

rally very wet, there should be one about every 20 ft., and this distance might be increased as the

ground became firmer or drier. In these trenches, a drain not less than 4 in. square internally

should then be formed either of old bricks, drain-tiles, fiat stones, or in any other mode used for

under-drains, and the remainder of the trench should be filled with, coarse stones, free from all clay

or dirt, in the manner shown in Fig. 6584. Of course these drains must have a fall given them from
the centre of the road into the ditches on either side. An inclination of 1 in 30 will be sufficient.

When the road is level in the direction of its length, these drains should run straight across, but on
those portions of the road which are inclined the drains should be formed as shown on the plan,

Fig. 65S5, somewhat in the form of a very flat V, the point being in the centre of the road, and the

drains making an acute angle with the line of the road, in the direction in which it falls. The»

amount of this angle should not be greater than is shown in Fig. 6582.

6584. 6585.
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When a road with footpaths is under-drained in the manner which we have just described, it

will not be necessary to form drains from the side channel under the footpath into the ditch, as

shown in Fig. 6582, but merely to carry up a little shaft, constructed in the same way as the drain,

from the drain to the channel, covering the same with a small grating to prevent leaves or other

substances, which might choke the drain, being carried into it. This method of forming the drains
is shown at A, in Fig. 6583.

Foundation of Roads.—Before the foundation of a road is laid, the ground must be prepared for it,

by levelling, draining, and forming it. If the subsoil be wet and elastic it must be brought to a
dry, tolerably hard condition. It is of no use to lay good road materials upon a wet, bad substratum.
Country roads, as distinguished from town roads and streets, are usually laid on the natural
surface of the ground, in spite of the expensive and continual repairs necessitated thereby. In these
cases, when the ground is wet, and as frequently occurs, undrained, deep ditches should be cut on
each side of the line of road and cross drains laid underneath. If the ground is very springy or

boggy, a layer of fagots, about 6 in. in depth, may be put down, before distributing the road mate-
rials. When the road is on an embankment the surface should be either rolled or punned, that is,

beaten with heavy beetles, so as to ensure as great a degree of solidity as possible. The same
mode of proceeding should be followed, even where it is intended to form either a paved or a concrete
foundation, for too much care cannot be bestowed on that part of the road.

One mode of forming an artificial foundation for roads consists in forming a rough pavement on
the top of the formation surface, which is afterwards covered by the road materials. Upon the level

bed prepared for the road materials, a bottom course or layer of stones is set by hand, in form of a close

firm pavement. The stones set in the middle of the road are 7 in. in depth ; at 9 ft. from the centre,

5 in. ; at 12 from the centre, 4 in. ; and at 15 ft., 3 in. They are set on their broadest edge length-
wise across the road, and the breadth of the upper edge is not to exceed 4 in. in any case. All the
irregularities of the upper part of the pavement are broken off by the hammer, and all the interstices

filled with stone chips, firmly wedged or packed by hand, with a light hammer, so that when the
whole pavement is finished, there shall be a convexity of 4 in. in the breadth of 15 ft. from the
centre.

The foundations of roads exposed to a very heavy traffic, such as the streets of a large city, are
generally now laid in concrete, whatever may be the nature of the road surface or materials subse*

quently put on. In this case the proportion of gravel to lime is that of 4 to 1. The concrete

is made on the surface of the road, and great cave taken, when the water is added, that every par-

ticle of the lime is properly slaked and saturated. The bed of concrete having been spread to the

depth of 6 in. over the half breadth of the road, the surface is then covered over with 6 in. of good
hard gravel or broken stone, and this depth is laid on in two courses, of 3 in. at a time, the first

course being frequently laid on a few hours after the concrete has been placed on the road. The
carriages, however, are not on any account allowed to pass over it until the concrete has become
sufficiently hard and solid to carry the traffic without suffering the road material to sink and be
pressed into the body of concrete. On the other hand, the covering of gravel is always laid on
before the concrete has become quite hard, in order to admit of a more perfect binding and junction

between the two beds, than would take place if the concrete were suffered to become hard before

laying on the first covering. The beneficial effect arising from the practice of laying on the gravo 1

exactly at the nroper time is, that the lower stones pressed by their own weight, and by those abovo
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them, sink partially into the concrete, and thus remain fixed in a matrix, from which they cannot
easily be dislodged.

Surface of Roads.—Metalling, or Macadam.—A macadamized or broken-stone road may be laid

upon an artificial foundation, or may consist altogether of broken stone or road metal. The former

was Telford's plan, the latter that of M'Adam. The stone or road metal should be hard, tough,

and durable. The best materials are granite, trap-rock, or whinstone. Hard compact limestone

may also be used, and gravel composed of flints ; but all flints should be broken into angular pieces,

as if for concrete. The stones are broken down by means of a hammer with a steel face5 into smaller

and smaller pieces,«until at length they are reduced to pieces roughly approximating to a cubical

shape, and not exceeding 6 oz. in weight ; which, on an average, is the weight of a cube of stone

of 1 • 6 in. in the side. M'Adam directed each road inspector to carry a small balance, so as to be
able to test the weight of a few stones from each heap. Besides breaking all gravel into angular
pieces, it should be screened, to clear it of earth.

The road metal, thus prepared, is to be evenly spread over the road with a shovel and rake, in

three successive layers of between 3 and 4 in. deep, each layer being left to be partly consolidated

by traffic before another is laid ; and thus is formed a firm, compact bed of angular fragments of

stone, about 10 in. thick, which is impervious to water, or nearly so, and which soon acquires a
smooth surface. According to M'Adam, 10 in. is the greatest thickness of metal required for

any road, from 5 to 9 in. being often sufficient. His practice was to lay the metal simply on the
natural ground, with no preparation except levelling inequalities and digging drains.

In order to make the traffic on a broken-stone road easier when it is first laid, a layer of sand
and gravel, called blinding, is sometimes spread over it, but this practice is a bad one, for the
sand and gravel work their way between the fragments of stone, and prevent their ever forming so

compact a mass as they ought to do.

Paved Roads.—Stone.—In towns and other places where there is a constant and heavy traffic, the
streets are generally paved with stone. Cubes or setts of granite, from 3 to 6 in. wide, 7 to 20 in.

long, and from 6 to 9 in. deep, are laid closely side by side upon a substratum of concrete or broken
stone, compressed into hard macadam, and the surface is grouted with lime and sand. A depth of

9 in. is the maximum, even for the heaviest traffic in the streets of London, blocks 7 in. being
sufficient for ordinary service, and 4£ in. the minimum anywhere. In London a pavement of new
Aberdeen granite, 3 in. wide and 9 in. deep, under a heavy and concentrated traffic, such as that
of Cheapside, must be renovated, and the stones redressed and rei aid, every five or six years, but
on ordinary roads granite pavement, if properly laid in the first instance, will last from ten to thirty

years. .When laid upon bridges there should be a concrete substratum, not less than 6 in. thick,

between the platform and the stone. A heavy road material of this kind is best adapted for short
spans, for cast-iron arched bridges, and for other situations where the dead load may with advan-
tage compare largely to the moving load.

Paved Roads.— Wood.—The ordinary method of forming a roadway for permanent use is by
laying blocks from 4 to 7 in. deep, close together, with the grain of the wood vertical. Oak or
other hard timber was formerly considered the best, but it has been found that fir, although not so
hard, is better, and that its longer fibre renders it more durable than oak, and not so slippery.

As under constant traffic the blocks will sometimes become loose, different plans have been tried
for holding them together. Octagonal or hexagonal blocks have been fitted together so as to give
homogeneity to the whole, and prevent lateral movement. The same result is sought by priming or
mortising the blocks together, and many ingenious and complicated methods of this kind have
been attempted. In a large area the density of the blocks wT

ill vary, or the ballast or concrete
below may not be equally solid at all points, and some of the blocks, under the pressure of a heavy
load, will sink down and make an uneven roadway. To prevent this, the plan has been adopted
of making the pieces of the shape in Fig. 6586, so that the pressure upon any one piece is to some
extent borne by the adjoining piece. A considerable improvement on this plan is effected by
making the blocks of the shapes in Fig. 6587, so as effectually to unite them against the downward
pressure of a load.

By the methods above described the blocks are laid close together; and as, under certain
circumstances, a wood pavement may become slippery, it is by some engineers considered that a
better foot-hold for horses may be obtained by leaving a gap between the blocks. Figs. 6588, 6589,
illustrate one of these methods, the blocks being laid § in. apart, and the spaces between them
filled in with cement or mortar. But cement or mortar once disintegrated, as in this case is likely,

will not again unite, and for cohesive purposes becomes useless.

6586. 6587. 6588 6589.

A pavement which seems to unite the supposed advantages of those in Figs. 6586 to 6589 has
been used with some success in America, and is now, 1872, on trial in London and other European
cities.

#

The arrangement of the blocks, and the process of laying them, may be thus described ;—Planks
ü in. thick, having been dipped in tar, are laid across the road upon a bed of concrete, or upon pre-
viously existing hard macadam, and a second layer of similar planks is laid longitudinally. Dantzic
nr Mocks 9 in. long, 3 in. wide, and 6 in. deep, are then laid across the street upon the planks, and
a long strip of wood, £ in. square, is nailed to the bottom of the blocks and to the planking. This
strip oí wood forms a distance-piece, separating one row of blocks from another, and as the parallel
rows are laid there are, of course, gaps -§• in. wide between each. Into these gaps or spaces small
fern or gravel, without sand, is inserted, and driven in by blows from a mallet; and liquid tar is
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poured upon tho gravel so as to soak into it. By this plan the pressure upon any one block

is divided by the planks over a considerable area of the substratum, but the planks are an
obstruction if trenches or small openings in the roadway have to be made for repairs of gas-

pipes ; or any works laid underneath.

With careful treatment a wood pavement may be made to last a long time in a cold or tem-
perate climate. When first laid, the surface should be well tarred and sprinkled with fine gravel

;

and this should be repeated occasionally, and at any time during a frost, to prevent slipping. The
gravel will be forced into the wood, and will harden and preserve it. The accumulation of mud
should be prevented.

Asphalted Roads.—Asphaltum is one of the varieties of bitumen found in many parts of the
world, and generally in the nature of rock. The asphalte used is of two kinds, the compressed and
the liquid or mastic asphalte. The former is in its natural condition of mineral rock, and made
into powder. This powder, having been heated, is laid upon concrete, and is compressed by heated
irons into a homogeneous mass. The liquid or mastic is a mixture of asphalte with mineral tar and
small grit, from gravel or shingle, and is applied as a hot paste. It is in this condition also that
other asphaltes are applied.

In London, for the heaviest traffic, a stratum of concrete, 6 in. to 9 in. thick below the asphalte,

has been adopted, but for less severe service it would not be necessary to use more than 5 in. of

concrete, which thickness, for instance, on the iron platform of a bridge would suffice. The asphalte
itself is laid 2| in. thick for constant heavy traffic, and 1^ to 2 in. for ordinary traffic. On side

paths for foot-passengers, asphalte | in. thick laid on 3 in. or 4 in. of concrete is sufficient.

The qualities which recommend asphalte are, the smoothness of surface, which renders traction

easy ; the diminution of noise ; and, for bridges, its moderate weight as compared with stone. The
headway below a bridge may be increased, or the gradient rendered easier, by a reduction in the
thickness of the road material. There is no doubt that the thickness of the asphalte becomes con-

siderably reduced when in use, but it is not yet clearly known whether this is owing to attrition

only, or in some measure to the compression which is claimed for it by its advocates. On a level

surface, in dry or wet weather, asphalte, if kept clean, is not more slippery than stone ; but lor steep

ascents traction would be difficult, and if the gradient were such as to render brakes or drags

necessary, the grinding action of the locked wheels would be injurious to the asphalte. In the City

of London, 1 in 60 is the steepest gradient for which asphalte is permitted. Asphalte cannot be
successfully laid or repaired in frosty weather. It has been proved to be free from danger by fire.

Maintaining and Repairing Roads.—Too great attention cannot be bestowed upon keeping the
road surface from an accumulation of mud, and even of dust. It should be constantly cleaned by
scraping and sweeping. The repairs should be daily made by adding fresh material upon all points

where hollows or ruts commence to form. It is recommended by some that when fresh material is

added, the surface on which it is spread should be broken with a pick to the depth of half an inch

to an inch, and the fresh material be well settled by ramming, a small quantity of clean sand being
added to make the stone pack better. When not daily repaired by persons whose sole business it is

to keep the road in good order, general repairs should be made in the months of October and April,

by removing all accumulations of mud, cleaning out the side channels and other drains, and adding
fresh material where requisite.

The importance of keeping the road surface at all times free from an accumulation of mud and
dust, and of preserving the surface in a uniform state of evenness, by the daily addition of fresh

material wherever the wear is sufficient to call for it, cannot be too strongly insisted upon. With-
out this constant supervision, the best-constructed road will, in a short time,, be unfit fur travel, and
with it, the weakest may at all times be kept in a tolerably fair state.

We shall next proceed to a brief description of the tools or implements employed in the con-

struction and repair of roads. The most important of these is the level used for forming the true

transverse section of the road. It consists, Fig. 6590, of a horizontal straight-edge or bar A C,

having in the centre of its length a plummet B D, for ascertaining when the straight-edge is hori-

zontal. A line is drawn near the end A of the bar, and at every 4 ft. from this line a gauge
ab e dia fixed in a dovetailed groove, in such a way as to be capable of being moved up or down,

6590.

go as to adjust the depth of its lower end below the horizontal line of the bottom of the straight-

edge; and there are thumb-screws, one of which is shown on an enlarged scale in Fig. 6592, passing

through each gauge, by tightening which the eräuge can be fixed when so adjusted. \\ hen the

bottoms of the gauges a, 5, c, and d, have been adjusted as in Fig. 6590, they wdl coincide with the

surface recommended to be given to a road 30 ft. in width, as in Fig. 6582 ;
and in order to ascertain

whether the surface of any existing road is constructed to the proper inclination and form, it is only

requisite to applv the level, which, when placed perfectly horizontal, by means of the plummet BD,
should rest upon the road at the lower extremity of eacíi of the gauges a, b, c, and d. For forming
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the sides of roads of greater width than 30 ft., it would he convenient to have a level constructed

in the manner shown in Fig. 6591, in which the A B is a straight-edge about 15 ft. long, having in

the centre of its length a plummet C D, so
#
adjusted that when hanging truly in its place, the lower

side of the straight-edge should be inclined from a horizontal line at the rate of 1 in 30.

Fig. 6596 is the pick used for lifting the surface of roads. The bent iron head a b should

wei^h about 10 lbs., having a large eye in the centre c, in which is fitted the handle, which should

be of ash, rather more than 2 ft. in length ; one extremity, «, should be formed like the end of a

chisel while the other, 6, should terminate in a blunt point. Both ends should be tipped with steel.

The most useful form of shovel for road purposes is shown in Fig. 3841, p. 1834. The blade

should be somewhat pointed, and the handle bent, so as to enable the person using it to bring the

blade flat upon the surface of the road without excessive stooping.
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The ordinary wheelbarrows are of ash or elm, with cast-iron wheels ; but it would be an advan-
tage if wheelbarrows for road purposes were made of wrought iron, which would combine strength

and durability with lightness. Of whatever material, however, they are constructed, they should

not exceed 9 in. in depth, and their sides should be splayed with a slope of 2 to 1. It would be also

very desirable to have hooks placed on their sides to receive a shovel and pick.

The screens, or sieves, employed for separating the coarse gravel from the hoggin or small
gravel, consist of iron wires or slender rods, placed at equal distances apart, and fixed in a frame of

wood, the sides of which are raised about 5 in. above the plane of the wires. In the screens the
frames are rectangular, about 5 ft. 6 in. in height and 3 ft. wide, and the wires are stretched in the
direction of its length at distances varying from \ in. to 1J in., according to the size of thè stone

required;, and these wires are kept in place by others crossing them at intervals of 5 or 6 in.

When used, they are placed so that the plane of the wires is inclined about 30° from the upright,

and the gravel to be screened being dashed or thrown forcibly against them ; the finer particles

pass through and fall on the farther side of the screen, while the large stones roll down its surface

and fall on the nearest side. The sieves are somewhat different in form, the frame being circular,

forming a cylinder about 6 in. in depth and 20 in. in diameter, the wires being placed either as we
have already described, or equally close in both directions, and forming a kind of bottom to the
cylinder. The sieve is held horizontally by one man, while the other throws into it a shovelful of

gravel. Upon shaking the sieve, the fine hoggin falls through, leaving the stones in the sieve,

which are then thrown by the man into anything which may be placed to receive them. The latter

is generally the best and cheapest mode of screening gravel.

The hammers employed for breaking stones are of two sizes, Figs. 6593, 6594. The handles
should be of straight-grained ash, and the iron heads of the form shown in the drawings ; the faces

spherical, and case-hardened, or steeled. Fig. 6595 represents the ring to be used for testing the
size of the broken stones. Its internal diameter is 2£ in., and the largest stones should be able to
be passed through the ring in every direction.

Fig. 6597 represents a pronged fork, to be used instead of a shovel for taking up the stones to
throw upon the road. The advantages attending its use are, that a man can take up the stones
much quicker and easier than with a shovel, and free from all dirt and extraneous matter which,
in the case of broken angular stones, is of importance.
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The rakes, which should be employed in filling in ruts and hollow places in the surface

of roads, should be formed with prongs between 2 in. and 3 in. in length, fixed, at the distance
of f in. apart, into a wooden head about 11 in. in length. Their handles should be formed of ash,

and should be about 6 ft. in length. Scrapers are indispensable for preserving roads in a proper
state and free from mud. They are usually constructed of wood shod with wrought iron, but it is

much better to make them entirely of iron. They should be 6 in. in depth, and about 18 in. in
length, and slightly curved at each extremity to prevent the escape of mud at each side.

Scraping machines are very generally employed, by means of which the surface of a road may
be scraped much more regularly and quickly than with the old scrapers. They consist of a number
of iron scrapers, attached to a frame mounted on wheels, which are so placed that, when the body
of the machine is somewhat raised, the wheels are lifted from the ground, and the whole weight of
the machine is thrown upon the scrapers, which, upon the machine being drawn across the road,
scrape all the mud from its surface, and carry it to the sides.

A machine has also been invented by Whitworth for sweeping up the mud from the roads and
carrying it away at once. It consists of a species of endless broom, passing round rollerà attached
to a mud cart, and so connected by cogged wheels with the wheels of the cart, that when the latter

id drawn forwards, the broom is caused to revolve, and sweeps the mud from the surface of the road
up an inclined plane into the cart. The machine is drawn by one horse, and by its aid the roads
are swept much more rapidly and better than by the old system of scraping.

Fences.—Where fences are indispensable they should be kept as low as possible, and thrown as
far as is possible from the sides of the road. Where the road has a deep ditch on either side, it

then becomes necessary, to prevent accidents, that the fence should be placed between the road
and the ditch. In all other situations, the fence should be placed on the field side of the ditch, for

the double reason, that in so doing the surface drainage of the road into the side ditches is less

interfered with, and that the road is then not so much sheltered by the fence itself. The different

descriptions of fence which may be employed are very various, and those which answer in the case
of railways will do equally well for roads.

Boiling Roads.—The importance of rolling roads, either newly constructed or when subjected to

extensive repairs, is now duly appreciated, and a road may be put at once into good working con-
dition, and a considerable expense eventually saved, by thorough systematic rolling. No road
ought to be considered as made until that operation shall be completely effected.

There are certain considerations which may serve as guides to arrive at first conclusions with
regard to rolling roads, which in London and other large cities is usually done by steam rollers.

A roller should not be too heavy in proportion to its bearing surface, or, instead of binding the
material in the position and form laid down and desired, it will press it more or less into the sub-
stratum. Much of the material will thus become useless, and it will be very troublesome to obtain
the necessary resistance for consolidation. It must not be too light, or the effect will be too small
ever to gain the object fully, or at any rate without an extent of operation that would be very
costly or inconvenient. From recorded trials, there is reason to believe that a road roller should
not be lighter than 28 cwt. for every 12 in. lineal bearing on the road ; that is, if 4 ft. wide, that
it should weigh 5 tons 12 cwt. ,* if 3 ft. 4 tons 4 cwt., and so on in proportion. It should only be
applied to the upper surface of the road.

A roller somewhat heavier than 28 cwt. a foot would be more effective, but it is better after that
limit, to gain the object rather by adding to the number of times that the surface is passed over, than
incur the inconveniences of the heavier machinery. For effect, the wider a roller can be the better,

because the operation will be more quickly performed, and because, in proportion as it is narrow,
will there be a tendency to force the broken stone laterally from under its action. But, as the weight
must be in proportion to its bearing surface, the width must be limited to a degree that will prevent
that weight being too unwieldy. A very narrow roller might also have a tendency to overturn.

On the other hand, one that is very wide may take up too much room, if the road is open to

traffic during the time of its use.

It is absolutely necessary to apply some gravel, or other sharp, gritty, fine stuff on the surface,

during the operation, without which it will not be thoroughly bound. The consolidation com-
mences with the lower part, which is the first to get fixed and arranged, and when, after about
six turns over the whole, the upper layers have become tolerably firm and well bedded, some sand
or stone-dust, or, what is best of all, sharp' gravel, may be lightly sprinkled over it by degrees at

every successive rolling, solely for the purpose of filling up the interstices of the broken stone, and
not to cover it. About 3 cub. yds. in 100 sq. yds., equal to about 1 in. in thickness, spread over
the whole surface, will be required. It is essential that this small stuff be not applied earlier,

or it will get to the lower strata, and not only be wasted, but injurious. The object is that it should
penetrate for 2 or 3 in. only, to help to bind the surface. Provided the upper interstices are filled,

the less gravel used the better. It should be applied by degrees after each of the three or four

last successive passages of the roller, and then only over the places where there are open joints.

After the work, if well done, is completed, it is stated that such is the effect that the upper crust

may be raised in cakes of 6 or 7 sq. ft. at a time, which could never be done without the gravel.

The effect may be improved also by having the upper inch or two of stone finer than the rest, to

pass through a ring of 1| in. or 1| in. This work should be done in wet weather, or the material

will require to be watered artificially, as is done in practice.

See Asphalte. Permanent Way. Railway Engineering.
Works relating to the subject ;

—Gautier (H.), 'Traite des Chemins,' 8vo. Paris, 1721. Delaistre

(J. E.), 'Dictionnaire des Ponts et Chausse'es,' 3 vols. Svo: atlas -Ito, Paiis. 1812. Edgeworth
(R. E.), ' On Roads and Carriages,' Svo. 1817. M'Adam (J. L.), 'On Ronds,' Svo. 1821. Cordier

(J.), 'Essais sur la Construction des Routes,' 2 vols. Svo; atlas in fol., Paris, 1S23-2S. Parnell
(Sir H.), 'A Treatise on Roads,' Svo, 1838. Leahy (E.), ' On Making and Repairing Roads.' 12mo,
1844. Polonceau (A. R.), ' Notice sur l'Amélioration des Routes,' 4to, Paris, 1844. ' Programmes

S p
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de l'École des Ponts et Chaussées,' 10 vols. 4to, 1848-1872. Burgoyne (Sir J. F.), ' Art of Con-
structing and Kepairing Common Roads,' 12mo, 1861. Paget (F. A.), ' On the Economy of Koad
Maintenance,' 8vo, 1870. Gillespie (W. M.), ' Principles and Practice of Eoad Making,' 8vo, New
York, 1872. See also ' Life of Thomas Telford,' C.E., 4to, and fol. ; and Papers in the « Minutes of

the Institution of Civil Engineers,' the ' Annales des Ponts et Chaussées,' and the ' Professional

Papers on Indian Engineering.'

BOCK-SHAFT. Fe., Arbre oscillant; Gee., Oscillirende welle; Ital., Àlbero oscillante; Span.,
Árbol oscilante.

Rock-shaft is a name applied to any shaft that oscillates on its journals, instead of revolving ;

more strictly, a vibrating shaft for modifying motion in the valve-gear of a steam-engine. It is

called also rocker and rocking shaft.

ROLLING MILL. Fe., Laminoir ; Gee., Walzwerk ; Ital., Laminatoio ; Span., Lßminador.
See Ieon.

ROOFS. Fe., Toits ; Gee., Lächer ; Ital., Tetto"; Span., Tejados.

The subject of roofs is one which is closely allied to that of bridges, especially since the intro-

duction of iron as a constructive material, and its increasing employment by engineers and archi-

tects in both these descriptions of structures. A roof is, in fact, nothing else than a bridge, which
has comparatively a light load to support, and one, moreover, which is of a less variable and
impactive character. The greatest static load which can come upon a roof is when it is covered
with snow, and the greatest dynamical, when one half of it is exposed to the action of a violent

storm, or wind pressure. The former is provided for by making the roof strong enough in every
part to bear this maximum load, and the latter by a proper arrangement of bracing and wind-
ties. The greatest strain to which a roof can be exposed, whether statical or dynamical, is trifling

in comparison with that which would attend a bridge of equal span, intended for either heavy road
or locomotive trafile. In some few instances, roofs and bridges have been built almost identical in

shape, and in the examples of iron roofs and bridges there is frequently a general resemblance both
in principle and form. The different purposes for which the two structures are intended, and the

different conditions under which they are placed, otherwise than when the mere question of strain

is concerned, prevent that close resemblance being universally obtained. Practical considerations

also will always, and particularly in large examples, tend to maintain that diversity of arrangement
which experience has shown to be not only unavoidable but absolutely necessary under the circum-
stances.

Classification of Roofs.—Roofs oan be divided into two classes, which will comprise all roof

structures, namely, those in which the pressure upon the supports is at an angle outwards with the
vertical, and those in whicH it is in a vertical direction only. Accordingly roofs without a hori-

zontal thrust are complete in themselves, or self-contained, and those with a horizontal -thrust are

incomplete, and their stability depends on that of the abutments. To these, however, must be
added a third class, which, taken separately, have a horizontal thrust, but which, by being arranged
upon a circular, elliptical, or polygonal base, and inclined towards a common centre, can be made
dependent upon each other, and independent of abutments, by connecting them at their springing

by a tie, which, as it joins all the principals at their springing, is in plan a polygon. Such roofs

are called domed or curved roofs.

Designing Roofs,.—Before an engineer can undertake to design and prepare the necessary drawings

for either a timber or an iron roof, it is indispensable that he be supplied with some data, however
slight, upon which to proceed. In general he will require the following, in addition to the ground
plan and proposed height of the structure. 1. The description of support provided for the roof, so

that he may deterinine whether the design shall be that of a simple trussed roof or of an arched

roof, which would exert a horizontal thrust against the walls or columns upon which it might be
carried. 2. The purpose for which the building is intended. Beyond a width of about 40 ft., the

question arises whether the roof shall be made in one or more spans, and as the cost may in some
cases be considerably diminished by having the roof supported at intervals between the walls, so

reducing the width of any one span, it is necessary to know if intermediate columns or walls, so

placed, will prove an obstruction. 3. It must be known whether the building is to be open at the

sides and ends, or to be enclosed, and if the latter, whether by walls, or by iron screens, or glass.

4. As it is sometimes cheaper and better to make a roof hipped, Figs. 6598, 6599, than gabled, Figs.

6600, 6601, any reason or preference for or against either

plan should be given, 5. The nature of the climate 6598. 6599. 6600. 660i.

should be stated with reference to the following points ; ^^^ ^^^^ ^_^^—The ventilating arrangements which may be needed
,

V<
¡^C^\ £—V~tÌ f^V^J (x^\.

the kind of roof covering most suitable ; the strength of
v

_IjL^ *-—*•— *—*^^ *—*-

—

the roof for resisting heavy winds or hurricanes ; the
nature and amount of light required, and the gutters and ram-pipes necessary. Any local drains

to which the rain-water must be conveyed should be indicated, so that the vertical pipes or water
columns may be arranged accordingly. 6. The designer should be informed whether the structure

is to have any ornamental character, or whether cheapness is the primary consideration. 7. If there

are difficulties in the way of transporting materials to the site, they should be stated, so that, if

necessary, the roof may be made in pieces of moderate size and weight. It is useful to know
whether skilled labourers can be obtained for erecting the roof, so that if it is difficult to procure
them, the design may be contrived with special reference to facility of erection. Information also
should be afforded as to what materials, such as brick, stone, or timber, can be obtained near the
site, and, if possible, at what prices. It may be stated as a general rule, that roofs and buildings,
especially when of iron, should have their parts equally divided. A hipped roof should consist of
regular squares, in accordance with which the columns, principals, and purlins can be arranged.
Facilities for repetition and the economical disposition of material are afforded by making the
divisions of the sides and ends corresponding. Thus a plan arranged as in Fig. 6602, with the side
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6602.

\

and end spaces all equal, is better than an irregularly shaped plan. Where an irregular plot of

ground has to be covered, it is better to confine the irregularity to as few points as possible, and to

let the greater part of the structure be composed of rectangular or other uniform

figures, than to provide for the irregularities by altering the dimensions of parts

gradually throughout the whole building.

Pitch of Hoofs.—The pitch of a roof, or the angle which its inclined side

forms with the horizon, is varied according to the climate and the nature of the

covering. The inhabitants of cold countries make their roofs very high, while

those of warm countries, where it seldom rains or snows, make their roofs nearly

flat, but the practice even in the same climate has varied considerably. Low
roofs require large slates and the utmost care in execution. They are cheaper than high ones,

since they require timbers of less length and of smaller scantling. Formerly the roofs were made
very high, perhaps with the notion that the snow would slide off easier, but where there are parapets

a high roof is attended with bad effects, as the snow slips down and stops the gutters, and an over-

flow of water is the consequence. Besides, the water in heavy rains descends with such velocity

that the pipes cannot convey it away soon enough to prevent the gutters overflowing. In high
roofs the action of the wind is one of the most considerable forces they have to sustain, and it is

supposed to have been with a view of lessening their height that the Mansard or curb roof was
invented. The quantity of room lost by a curb roof, the difficulty of freeing the gutters from snow,
and the ungraceful effect of the roof itsolf, are objections that are not compensated by the small
difference of the expense between it and a common roof, especially now that experience has proved
that roofs may be made much less in height than our ancestors were in the habit of making tnem.

The height of timber roofs at the present time is very rarely more than one-third of the span,

and should never be less than one-sixth. The usual pitch for slates is when the height equals one-

fourth of the span, or when the angle with the horizon is 26J°. Near the sea, or in very exposed
situations, the height of the roof should be one-third of the span, for if less, the rain and snow will

be driven under the slates by the wind.
The same conditions with respect to the pitch prevail in the case of iron roofs when they are of

the trussed form. Greater latitude is allowed when the arch forms are used, as will be seen from the

examples selected for illustration.

Loads on Roofs.—Statical or Permanent Load.— The load on a roof is of a double character, and
consists of the statical or permanent load, and the dynamical or accidental load. The static load
is composed of the weight of the framework which includes the principals, primary and secondary,
and the purlins, and of the weight of the covering together with the louvres, glazing, and any
ornamental additions.

Dynamical or Accidental Load.—The accidental load consists of snow and the pressure of the
wind. An allowance of about 6 lbs. a square foot is sufficient in England, but a maximum of

20 lbs. has been allowed in other countries. The estimate of the allowance for wind pressure may
be put at about 30 lbs. a square foot. Tredgold estimated the total accidental load on roofs at

40 lbs. a square foot of surface covered, or say 35 lbs. for wind and 5 lbs. for snow pressure, and the
largest roofs are generally constructed for a uniformly distributed vertical load of this amount.
When, however, the great Lime Street roof at Liverpool of 153 ft. span was erected, it was imme-
diately seen that a uniformly distributed load was not the worst casualty to which it might be
subjected. Locke, therefore, in spite of a protest from its designer, required that a rib should be
tested with a load of 40 lbs. a square foot hung on one half the roof, the other being unloaded, thus
imitating, as nearly as was possible with a vertical load, the effect of the wind pressure acting

broadside on. A rib of the great Birmingham roof was similarly tested, first with 40 lbs. a square
foot uniformly distributed over the whole roof, and next with a similar load on half the roof only.

In these cases the testing load represented the snow pressure, the wind pressure, and the weight of

the permanent roof covering.

The ordinary force of gales amounts to from 20 to 25 lbs. a square foot on a surface perpen-
dicular to their direction. More rarely, higher pressures are registered, ranging from 33£ lbs. to as

much as 55 lbs.

If the maximum pressure of the wind is assumed at 40 lbs., it will be sufficient. On the
inclined surface of a roof the pressure will be much less than this, the law of the variation of the
pressure with the inclination being known with tolerable accuracy from the experiments of Hutton.
Let P be the intensity of the wind pressure in lbs. the square foot, on a surface perpendicularly
opposed to it ; 6 the inclination of any plane surface to the wind's direction. Then the intensity of

the pressure normal to the surface will be, Pw = P sin. d i-mcos. e-i. Tb.e component of that
pressure, parallel to the wind's direction, will have the intensity, P A =P sin. i

-

84 cus. 0, The com-
ponent perpendicular to the wind's direction, the intensity, Pu = P cot. 6 sin. i"««* 0.

That is, if the wind blow horizontally P A is the horizontal and P v the vertical component of the
pressure on the roof. Putting P = 40, we get the following values of the normal pressure and its

components, for various inclinations of the roof surface to the direction of the wind ;

—

Lbs. a Squake Foot of Surface

Angle of Roof. Pn. Pv. Pä. Angle of Roof. Pn. Vv. PA.

5 5-0 4-9 0-4 50 381 24-5 29-2
10 9-7 9-6 1-7 60 40-0 20-0 34-0
20 181 170 0-2 70 410 14-0 3S-5
30 26-4 22-8 132 80 40-4 7-0 39-8
40 333 25-5 21-4

1

.. 400 00 400

8 p 2
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Now whether a roof is exposed to a vertical wind-pressure of 35 lbs. a square foot, as in Tred-
gold's assumption, or not, it is certain that it will be exposed to tLe pressure of winds blowing
horizontally. If, therefore, according to the common practice, the roof is designed to resist a uni-

form vertical pressure of 40 lbs. a square foot, plus the weight of the framing, it is at least equally

necessary to examine whether it will resist the partial normal pressures given in the previous Table,

which, in many cases, will produce a much greater distorting effect, and an entirely different

distribution of stress on the bracing. It is difficult to fix the limits of the probable variation of the
direction of the wind relatively to the roof, but if we suppose that in eddying gusts it may strike

the roof, in any direction between the horizontal and vertical, then the maximum stress on any
given member will be found in one or other of the three following cases ;

—

1. Wind blowing horizontally, which is the most ordinary condition of loading.

2. Wind normal to one side of the roof surface.

3. Wind vertical, which may possibly happen as a momentary condition, but which is certainly

the least probable of possible modes of loading. The ordinary assumption, that the roof is subject

to uniform vertical loads only, supposes the wind vertical, and neglects the horizontal component
of the pressure, which will exist even in that case.

In the two former cases the loading due to the wind is unsymmetrically and unequally distri-

buted. In the third case the loading is uniform in straight-raftered roofs, and symmetrical in
arched roofs.

Timber Roofs.—Koofs of this material have, similarly to bridges, been greatly superseded by those
of iron, particularly when of large dimensions. For small fpans, timber roofs will always be employed,
so long as the material is procurable. For spans of moderate dimensions, they are still very fre-

quently used. They are less heavily strained than bridges, and are, moreover, if well built, betti r

secured from the effects of the weather, and are consequently more durable. As a rule timber roofs

are built a great deal too heavy, a consequence probably of a somewhat too servile adherence to

old types of construction, in which weight was synonymous with strength. The most economical
roof, and the one also which will best fulfil the conditions of proportion and efficiency among its

relative parts, will invariably be that which contains the minimum amount of material, provided
the structure be scientifically designed. The principal point of difference to be noticed in the com-
parison of the ancient and modern roofs is, that in the former the abutments in the form of buttresses

were employed to take the thrust at the feet of the rafter, while in the majority of the latter, a tie,

horizontal or inclined, is used instead.

Of timber roofs there are numerous varieties, the best known of which and those most frequently
employed we shall briefly describe and illustrate.

Fig. 6603 is a very simple truss, in which the tie is above the bottom of the feet of the prin-

cipals, which is often done in small roofs for the sake of obtaining height. The tie in this case is

called a collar. The feet of both common and principal rafters rest on a wall-plate. The purlins

rest on the collar, and the common rafters abut against a ridge running along the top of the roof.

This kind of truss is only suited to very small spans, as there is a cross strain on that part of the
principals below the collar, which is rendered harmless in a small span by the extra strength of the
principals, but which in a large one would be very likely to thrust out the walls.

In roofs of larger span the tie-beam is placed below the feet of the principals, which are tenoned
into, and bolted to it. To keep the beam from sagging, or bending by its own weight, it is

suspended from the head of the principals by a king-post of wood or iron.

6605.

6603.

The lower part of the king-post affords support for the struts supporting the principals imme-
diately under the purlins, so that no cross strain is exerted on any of the timbers in the truss, but
they all act in the direction of their length, the principals and struts being subjected to compression,
and the king-post and tie-beam to tension. Fig. 6604 is a sketch of a king-truss. The common
rafters abut on a pole-plate, the tie-beams resting either on a continuous plate, or on short bed-plates
of wood or stone. Where the span is considerable, the tie-beam is supported at additional points
by suspension pieces called queen-posts, Fig. 6605, from the bottom of which spring additional
struts. By extending this principle, we might construct a roof of any span, were it not that a
practical limit is imposed by the nature of the materials. Sometimes roofs are constructed without
king-posts, the queen-posts being kept apart by a straining piece, as in Fig. 6606, which shows the
design of the old roof of the church of St. Paul, outside the walls, at Kome. This truss is interest-
ing from its early date, having been erected about 400 years ago and since destroyed. The trusses
are

r
l? Pairs >

a king-post being keyed in between each pair to support the tie-beams in the centre.

JÎ ^ar?es* timber roof ever designed in one span was intended for the Imperial Eiding House
at Moscow, but was never built. The span was 235 ft., and the elevation is shown Fig. 6607. The
principal feature in this roof was an arched beam, the ends of which were kept from spreading by a
tie-beam, the two being firmly connected by suspension pieces and diagonal braces. The arched
oeam, Fig. 6608, is formed of three thicknesses of timber, notched out to prevent their sliding on
each other. This method is objectionable on account of the danger of the splitting of the timber
under a considerable strain.
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Mien the span of a timber roof exceeds 60 ft. the truss, Fig. 6609, may be employed to advantage
Line halt is shown in the figure with a queen-post, and the other with the similar member acting

6607.

6606.

6608.

6809.

6610.

as a suspended tie. The middle part of the longitudinal tie-beam is constructed as a girder.

Pig. 6610 is a roof in which the ribs are all in one piece, and bent in the same manner used for ship
timbers. The rise or versed sine of the ribs is one-half that of the roof, and the suspending pieces
are notched in pairs, and bolted and strapped together. The noticeable good points in this roof are
the small number of joints in the truss, the number of points at which it can support the tie-beam,
and dispensing with the shrinkage which attends the use of king and queen posts. Fig. 6611
is a roof designed for a provision store at Helder, in Hollaud. The rafters were supported
by a solid arched rib formed in five lengths, connected by scarfs. The length of the store for which
this roof was designed is nearly 320 ft., and the width 64 ft. The ribs were spaced 16 ft. apart from
centre to centre, and between each pair were six rafters, which supported the roof. The floor-

beams were supported by posts, which were indispensable in consequence of the great span, 64 ft.

An architect designing a roof on this principle at the present time would avail himself of the
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use of iron to a greater extent than appears in this design. Fig. 6612 is a design taken from
Emy's and Demanet's works. It is particularly adapted for a ship-builder's shed, and has been
used for covering locomotive sheds. Unless the sides are well covered in, this description of roof is

very liable to be blown off by the wind getting in underneath. It would also require very strong

holding-down bolts, let into a good block of concrete or large deep bed-stones as in the figure. About
thirty years ago a portion of a roof of this kind, erected at Chatham, was blown clean away, for a
distance of 60 or 70 ft.

6612.

About the sixteenth century, Philibert de Lorme, a celebrated French architect, introduced a
description of roofs and domes with a series of arched timber ribs in place of trusses, these ribs being
formed of planks in short lengths, placed edgewise, and bolted together in thicknesses, breaking
joints.

There are some great disadvantages connected with this system. The labour is great as com-
pared with roofs of similar span of the ordinary construction, and, as the chief strength of the rib

depends upon the lateral cohesion of the fibres of the wood, it is necessary to provide a large
amount of surplus strength. But Emy proposed an improvement on the system which was precisely

the laminated arched rib which has continued in use to the present day.

This design was put into execution in the erection of a large roof 65 ft. span at Marac, near
Bayonne, Fig. 6613. The ribs in this roof are formed of planks bent round on templets to the proper
curve, and kept from separating by iron straps, and also by the radiating struts which are in pairs,

notched out so as to clip the rib between them.
The principle of the roof is exceedingly good. The principals, wall-posts, and arched rib form

two triangles, firmly braced together, and exerting no thrust on the walls, and the weight of the
whole roof being thrown on the walls at the feet of the ribs, and not at the pole-plate, the walls are
not tried by the action of a heavy roof, and the consequent saving in masonry is very great.

The great difference in principle between the arched rib of Philibert de Lorme, and the laminated
rib of Emy, is, that in the latter the direction of the fibre of the wood coincides with the curvature
of the rib, and, as a consequence of this, the joints are much fewer. The rib possesses considerable
elasticity, so as slightly to yield rather than break under any violent strain, and, from the manner
in which the planks are bolted together, it is impossible for the rib to give way, unless the force
applied be sufficient to crush the fibres.

Gothic Roofs.—The open timber roofs of the middle ages come, for the majority, under the
second class, namely, those which exert more or less thrust upon the walls, although there are many
fine examples in which this is not the case.

The high-pitched roofs of the large halls of the fifteenth and sixteenth centuries, for the most
part, are trussed in a very perfect manner, so as to exert no thrust upon the walls; although,
in some instances, as at Westminster Hall, they depend upon the latter for support.

The general design of these roofs is shown in Figs. 6614, 6615. The essential parts of each
truss are a pair of principals connected by a collar or wind-beam, and two hammer-beams, with
queen-posts over them, the whole forming three triangles^ which, if not secured in their relative

positions otherwise than by the mere transverse strengtli of the principals, would turn on the points
c, c, Fig. 6615, the weight of the roof thrusting out the walls in the manner shown in the figure.

There are two ways in which a truss of this kind may be prevented from spreading. 1st. The ends
of the hammer-beams may be connected with the collar by tension pieces a, a, Fig. 6614, by which
the thrust on the walls will be converted into a vertical pressure; 2nd. The hammer-beams may be
kept in their places by struts b, 6, the walls being made sufficiently strong by buttresses, or other-
wise, to resist the thrust. In existing examples, we find sometimes one and sometimes the other of
these plans followed, and occasionally both methods are combined in such a manner that it is often
difficult to say what parts are in a state of compression, and what are in a state of tension. The
roof of the great hall at Hampton Court, Fig. 6616, is very strong, and so securely tied, that were
the bottom struts b, b, removed, there would be little danger of the principals thrusting out the walls ;

and, on the other hand, from the weight of the roof being carried down to a considerable distance
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below the hammer-beams by the wall-posts, the walls themselves offer so much resistance to side

thrust, that there would be no injurious strain on them were the tension pieces a, a, removed.

6614. 6617.

oiiL.JèM5ijtm/Beam/
b. b. £tnd>

6(;15.

6618.

The construction of the roof of the hall at Eltham Palace, Kent, Fig. 6617, differs very consi*

derably from that of the Hampton Court roof. The whole weight is thrown on the top of the wall,

and the bottom pieces b, b, are merely ornamental, the tension pieces a, a, forming a complete tie.

This has been shown by a partial failure which has taken place. The wall-plates having become
rotten in consequence of the gutters being stripped of their lead, the weight has been thrown on the
pseudo-struts, which have bent under the pressure, and forced out the upper portion of the walls.

The roof of Westminster Hall, Fig. 6618, is one of the finest examples now existing of open
timbered roofs. The peculiar feature of this roof is an arched rib in three thicknesses, something
on the principle of Philibert de Lorme. This is so slight, compared with the great span, that it is

probable in designing the roof, the architect took full advantage of the support afforded by the
thickness of the walls and the buttresses, if, indeed, the latter were not added at the time the
present roof was erected, in 1395. It has been ascertained that the weight of the roof rests on
the top of the walls, the lower part of the arched rib serving only to distribute the thrust, and to

assist in preventing the hammer-beams from sliding on the walls.

The examples adduced are sufficient to show the general principles of building roofs of timber.

For particulars of the manner in which the different members are framed together, and for the
rules for determining their strength, see Construction.

Table I.

—

Scantlings of Timber for Different Spans, from 20 to 30 Feet, for the Roof,
Fig. 6604.

Span. Tie-beam. King-post.
Principal

Rafters.
Struts. Purlins. Small Rafters.

feet. inches. inches. inches. inches. inches. inches.

20 9* X 4 4x3 4x4 8} X 2 8 x 4f 3£ x 2
22 9£ X 5 5x3 5x3 3f x 2£ 8} x 5 3fx2
24 10i x 5 5x3| 5 x 3£ 4 x 2J 8* x 5 4x2
26

' m X5 5x4 5 x 4f 41 x 2* 8f x 5 4i x 2
28 Uè X 6 6x4 6 x 3£ 4* x 2| 8f x 5i 4* x 2
30 12* x 6 6x4£ 6x4 4£ x 3 9 x 5à 4fx2

In this Table the trusses are supposed to be not more than 10 ft. apart, the pitch of the roof
about 27 degrees, the covering slate, and the timber Baltio pine, or other equally strong.
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Table II.

—

Scantlings for Roofs, from 30 to 46 Feet Span, for the Roof, Fig. 6605;
Trusses 10 Feet apart.

Span Ti¿-beam Queen-posts.
Principal

Rafters.
King-post. Braces. Purlins

Small
Rafters

feet. inches. inches inches. inches. inches inches. inches.

32 10 x 4i H x4 5 X 4| 6| x 4i
3f x 2i 8 x 4f 31 x 2

34 10 x 5 5 x 3è 5x5 6| x 5 4 x 2¿ 81 x 5 3| x 2

36 10$ x 5 5x4 5 x 5f 7x5 41 x2i 8* x 5 4x2
38 10 x 6 6 x 3| 6x6 71 X 6 Hx 21 8£x 5 4x2
40 11 X 6 6 x 4 6x6 8x6 4èx2| 8f x 5 41 x 2

42 lie X 6 6 X4| 6|x6 8i x 6 4*x 2| 8f x 5i 4*x2
44 12 x 6 6x5 6i x 6 8i x 6 41 x 3 9x5 4f x 2

46 1-2* X 6 6 x 5i 7x6 9x6 4| x 3 9 x 5* 5x2

Pitch of the roof about 27 degrees, covering slate, and timber as already mentioned.

Table III.—Scantlings for Roofs of from 46 to 60 Feet Span, for Roof in Fig. 6606
Trusses 10 Feet apart.

Span. Tie-beam. Queen-posts. Posts.
Principal
Rafters.

Straining

Beam.
Braces. Purlins.

Small
Rafters.

feet. inches. inches. inches. inches. inches. inches. inches. inches.

48 Hi x 6 6 x5| 6 x 2i 7*X 6 8i x 6 4* X 2| 8i x 5 4x2
50 12 x 6 6 x 6Ì 6 x 2i 8i x 6 8i x 6 4*x 2f 8f x 5 41 x 2

52 12 x 6i 6 x 6| 6 x 2| 91 x 6 8f x 6 4f x 2| 8| x öl 41 x 2

54 12 x 7 7 X 6i 7 x 2Ï 6è X7 9x6 5f x 2f 8f x 51 4|X2
56 12 x 8 7 X 6| 7x2i 7| X 7 91 x 6 5 x 2f 8| X 5è 4è X 2

58 12 x 8i 7 x 71 7 X 2f
8i x 7 9| X 7 5 x 2| 9 X öl 4f x 2

60 12 x 9 7|x7 7x3 9x7 10 x 7 5x3 9 X 5i 4f x 2

Table IV.

—

Scantlings for Roofs, fbom 70 to 80 Feet Span, Fig. 6609 ; Trusses 10 Feet
APART.

Span. Tie-beam. Queen-posts. Principal Rafters. Straining Beam.

feet.

70
75
80
85

inches.

15 x Uè
15 x
16 x
16 x

14
13

14*

inches.

91 x 8

10 x 8i

101 x 9
11 X 10

inches.

13 x
13* x
14 x
14* X

10
101

11

inches.

12 x 9}
12 x 10
13 x 10|
13 x 11

Table V —Scantlings for Roofs, from 20 to 32 Feet Span, Fig. 6610 ; Trusses 10 Feet
apart.

Tie-beam. Curved Rib

Suspending Pieces

Purlins.Span. No. of Scantlings of
Common Rafters.

•Pairs. each Piece.

feet. inches. inches. inches. inches. inches.

20 8x4 4x4 3 4x2 8x5 3£ x 2
24 8x4 4| x 4 3 4x2 8x5 4x2
28 8x5 51 x 5 3 4 x 2i 8i x 5 4*x2
30 8£ x 5 6x5 3 4 x 2i 8i x 5 4f x 2
32 9 x5| 6 x öl 3 4x 2i 8i x 5 5x2

Domes or Cupolas.—A dome or cupola is a roof of which the base is a circle, an ellipse or a polygon,
and its vertical section a curved line, concave towards the interior. Hence domes are called circular,

elliptical, or polygonal, according to the figure of the base.
The most usual form for a dome is the spherical, in which case its plan is a circle, and section

a segment of a circle. The top of a large dome is often furnished with a lantern, which is supported
by Üie framing of the dome. The exterior and interior forms of a dome are not often alike, and
in the space between, a staircase to the lantern is generally made. According to the space left
between the external and internal domes, the framing must be designed. Sometimes the framing
may be trussed with ties across the opening, but often the interior dome rises so high that ties
cannot be introduced. Accordingly the construction of domes may be divided into that of domes
\yhich admit of horizontal ties, and domes without such ties. A truss for a dome where a horizontal
tie can be introduced is shown in Fig. 6619. A A is the tie; B, B, posts, which may be continued
to form the lantern ; C, C, are continued curbs in two thicknesses, with the joints crossed and bolted
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together; D D, a curved rib to support the rafters. This design is calculated for a span of about

60 ft., and may be extended to 120 feet.

GG20.

6(319.

6621.
Two principal trusses may be placed across the

opening parallel to each other, and at a distance

apart equal to the diameter of the lantern, as A B,

C D, Fig. 6620, with a sufficient number of half

trusses to reduce the bearing of the rafters to a con-

venient length. By another arrangement, the two
principal trusses may cross each other at right angles
in the centre of the dome, the one being placed so

much higher than the other as to prevent the ties

interfering. This disposition is represented in Fig.

6621, and is the same as that adopted for the Dôme
des Invalides at Paris, of which the external dia-

meter is nearly 90 English feet.

Domes without Horizontal Ties.—The construction of domes without horizontal cross-ties is not

difficult when there is a sufficient tie round the base. The most simple method, and one which is

particularly useful in small domes, is to place a series of curved ribs so that the lower ends of those

ribs stand upon the curb at the base, and the upper ends meet at the top, with a sufficient number
of intermediate braces to prevent the ribs from yielding laterally.

When the pieces are long, and so much curved that they cannot be cut out of timber otherwise

than across the grain, which reduces their strength, they should be put together in thicknesses, with
the joints crossed, and well nailed together. In very large domes, they should be bolted or keyed
together. The method of making curved ribs in thicknesses has been adopted in the construction

of centres for arches from the earliest period of arch building, and it was first applied to the con-

struction of domes by Philibert de Lorme, who gives the following scantlings for different sized

domes ;

—

For domes of 21 ft. diameter, 8 in. by 1 in.

36 „ 10
60 „ 13 „ 2

?»
"0

,,
13 „ 22 ,,

108 „ 13 „ 3 „

These ribs are formed of two thicknesses of the scantlings given above, and are placed about
2 ft. apart at the base. The rafters are notched upon them for receiving the boarding, and a 1 so

horizontal ribs are notched on the inside, which gives a great degree of stiffness to the whole.

Fig. 6622 is a section of a dome constructed in this manner, and Fig. 6623 a projection of a part of

1*

6622.

6623.

the dome, with the rafters and inside ribs. When a dome is of considerable magnitude, the curvo

of equilibrium should pass through the middle of the depth of the ribs, particularly if a heavy

lantern rests upon them, otherwise the ribs should be within the curve of equilibrium, and they

ought to be strutted to prevent their bending in. Or, if it be necessary for the external appearance

of the dome that the curvature of the ribs should be without the curve of equilibrium, then an iron

hoop may be put round at about one-third of the height to prevent the dome bursting outwards.

This latter method was adopted in the external dome of the Church de la Salute at Venice. The

outside dimensions are 80 ft. diameter, 40*5 high, and the lantern 39 '5 ft. high ; but the lantern is

supported by a brick dome, which is considerably below the wooden one. The ribs of this dome
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are 96 in number, and each rib •is in four thicknesses; the four together make 5*5 in., so that

each rib is 8*5 in. by 5*5 in. The iron hoop is 4*5 in. wide and ¿ in. in thickness, and is placed

at one-third of the height of the dome.
One of the finest applications of the system of De Lorme was the cupola over the Original Halle

au Blé at Paris, completed in 1783, Fig. 6624. Although 129 ft. in diameter, its thickness did not

6624.

much exceed 1 ft., notwithstanding which it stood in perfect safety until destroyed by fire in 1802.

The ribs of which it was composed were formed of planks in 9-ft. lengths, 13 in. wide, and 3 in.

thick, bolted and tied together. At about one-third of the height of the dome from the springing
every third rib was discontinued to admit of an opening, which was glazed. The ribs were about

2J ft. apart at the base, and those next the openings were formed with four thicknesses of planks,

all the others having only three. At the top of the dome the ribs were framed into a circular ring

of timber, leaving an open space which was protected by a glazed canopy, with perforations for the
ventilation of the building.

No modern example, executed in wood, has surpassed this dome, either for simplicity or strength,

and the facilities afforded at the present day by the use of wrought iron, has probably rendered the

execution of domes of this magnitude in wood a thing of the past, except for temporary purposes.

When a dome is intended to support a heavy lantern, it may require the principal ribs to be
stronger than can be obtained out of a single piece of timber, but the framing may always be made
sufficiently strong by using two ribs, with braces between, and tied together by radial pieces across

from rib to rib. A truss of this form, in Fig. 6625, would sustain a very heavy lantern if the curve

of equilibrium were to pass in the middle between the ribs, as the dotted line does in the figure.

6625.

6626.

Trusses somewhat similar to that in Fig. 6625 were used for the roof and semi-domes of the

Dublin Exhibition building in 1853. Each truss was formed of two concentric vertically-laminated

ribs about 5 ft. apart, with intermediate diagonal framing, in which both struts and ties were formed

of timber. The upper or outer rib consisted of ten lamina 1£ to 2 in. in thickness, and 4 to 18 in. m
depth. The breadth of the rib at top was 18 in., and at bottom only 3 in., each being stepped

back from the lower edge of the preceding. The inner rib was formed of six 1-J
and 2 in. lamina,

and was 12 in. deep and 10 in. wide. The span of the semi-domes of the great hall was 100 ft., and

the principal trusses were 25 ft. apart.
Where a light dome is required, without occupying much space, the ribs may be placed so near

to each other that the boards can be fixed -to them without rafters, or short struts may be placed

between the ribs, as shown in Fig. 6626.
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Iron Domes.—The most remarkable examples of iron domes are to be found in those covering the

Royal Albert Hall at Kensington, and the Exhibition building at Vienna. The plan of the former

dome is not circular, but oval with four centres. Some idea of its size may be gathered from the

following facts. Its height from the arena to the spring of the roof is about 135 ft., and to the top

of the lantern, which surmounts the roof, is about 150 ft. The span of the roof is 219 ft. 4 in.

by 185 ft. 4 in. ; and the span of the outer walls is 272 ft. by 238 ft. The engravings of the roof,

Figs. 6627 to 6640, show clearly the design and construction of the ironwork. Fig. 6641 is a

6623. 6630. 6631. 6632.

6633.

6629.

3T

6634.

6635. 6636.

longitudinal section through the longer axis of the roof, where the clear span is 219 ft. 4 in. Fig.
6627 is a section through the shorter axis, and Fig. 6640 is a plan of one quarter of the roof. All
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these figures show the general disposition of the principal and the purlins. Around the wall, at the
level of the springing of the roof, is a wrought-iron wall-plate, shown in the drawing, formed of a

56 ';.

6638 6G39.

girder laid horizontally, with a web-plate -^ in. thick, and 3 ft. 8 in. wide, strengthened at each
end by T

7ë-iu. flange 8 in. deep, and connected to the web by angle irons 3 in. by 3 in. by f in.

Beneath each principal shoe is a plate 1 ft. 9 in. wide, 2 ft. long, and f in. thick, riveted through
the web-plate to an upper plate If in. thick. Upon this plate is secured bv keys the cast-iron shoe
in which the heel of the principal rests. It is 2 ft. 9f in. deep and 1ft. If in. broad, and is formed
with a central member. 1 ft. f in. wide, projecting from each side of the shoe so as to clip the upper
plate riveted to the wall-girder, and to which it is secured by vrronght-iron keys at the back of the
shoe. A 1-in. bolt also passes through a slot in the projection on each side of the shoe, Fig. 0628,
and secures it to the wall-plate. The face of the shoe receiving the principal is curved to a radius
of 10 in., corresponding to that of the heel of the principal. The upper member of the principal is
struck with a radius of 145 ft., the lower member has a radius of Hi ft. ou the smallest diameter of
the root increasing to the maximum span. The details of the principals are shown fully in Figs.

to 6611. The upper members of the ribs are 9 in. deep and 11 in. wide, formed of a top
liante -^ in . thick, secured to a web of the same thickness by angle irons 3 iu. by 3 iu. by T^-in. ; the

>ttom member of the rib has the same dimensions, but the' flange-plate is omitted* The upper and
r chords of the principals are connected and stiffened with wrought-iron struts, as shown in

1 igfl. 6627 and 6641.
The struts are formed of four angle irons 2h in. by 2| iu. by -^ in., disposed in pairs on each
ot the web-plates of the top and bottom nienibe'rs of the' principal, and kept separated by
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distance pieces of cast iron, of the form seen in the engraving. The bays between the struts are
occupied with diagonal bracing, the tie-rods being If in. diameter, forked at the ends to receive the
web-plates, and swelled at the upper side to'lf in. diameter.

« 2J3. <t

Each truss-rod is formed of two pieces, these pieces being coupled together by an adjusting nut,

1 ft. in length, to regulate the length of the rod. At the heel of the principal, the top and bottom
'member of the ribs meet, and are formed into one piece by means of a cover plate stiffened with
angle irons in the manner shown in Fig. 6628.

Towards the centre the principals converge to a central curb, which is elliptical, and corresponds

with the curves of the outer wall-plate. This curb, Figs. 6640 and 6641, is 17 ft. 6-i in. in depth, which
corresponds to the maximum depth of the rib. It is a double ring, the top 2 ft. 6 in. deep, and the
upper part is formed of two girders ; the outer one, 9 in. deep, is made up oí a web-plate and angle
iron; the inner one is 1 ft. 7 in. deep, the top member being on the same level as the outer ring-,

while the web extends 10 in. lower, and forms a curb, against which the upper chord of the main
rib abuts and is bolted, A plate ì in. thick and 2 ft. 9 in. wide, connects these inner and outer

girders, and, overlying the top of the principals, ties them together with each other and with the
curb. The construction of the bottom member of the curb differs from the top. It consists of a \-in.

web-plate, which is riveted to the under side of the lower chord of the principals, and stiffened with
a flange on the inner side 8 in. deep and ì in. thick, the web being also strengthened with two

X irons 6 in by 8 in. by f in. The space of 17 ft. 6i in. between the top and bottom portions of the
curb is filled with vertical struts of plate and angle irons, and diagonal struts 3 in. wide by f in.

thick. On the outside and inside curved faces of the curb diagonal bracing runs round the complete

6642.

ellipses as in Fig. 6641, and in the details. The principals are connected by seven rows of
purlins, arranged in lines parallel to the plan of the building These decrease in strength from the
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springing te the crown of the roof, and the heaviest ones are shown in the figures. They are

5 ft, 11 in deep, the top and bottom members being formed of angle iron 3 in. by 3 in. by -^ in., and
are connected by intermediate standards of channel iron, the bays being braced with flat bars 3 in.

by
f-

in. The first purlin, placed a little above the springing of the roof, differs from the others in

being only 2 ft. 3 in. deep. At their intersection with the principals connections are made by
means of gusset-plates on the top of the purlins ; at intervals varying from the springing towards
the crown, run a converging series of light channel iron. A portion of the enclosure is roofed over,

but a central elliptical space 100 ft. by 138 ft. is left to form a skylight.

The other example of iron domes is that which formed the roof of the central space in the

Vienna Exhibition of 1873. The main dimensions, which far exceed all ordinary limits, are shown
in the diagram. The roof of the rotunda, Fig. 6642, is made of iron plates. The lower edge is

strengthened and supported by a heavy wrought-iron curb, or continuous circular box-girder. The
aperture on the top is stiffened by another curb, and on this curb is erected a lantern, from which
the whole space below is lighted. If the roof had been made of plate iron unstiffened, then it would,

for so great a span, have probably sagged between the upper and the lower curbs. To prevent this

the whole structure is stiffened by heavy girders of plate iron running from curb to curb, while to

prevent distortion in any other way ring-girders at right angles to the rafter-girders run round the

roof All these girders have been put outside the roof instead of inside.

Coverings for Timber Roofs.—The coverings used for timber roofs are copper, lead, iron, tinned

n-on slates of different kinds, tiles, shingles, and thatch of reeds or straw, and the relative degree
ot slope which each should have is determined by the mode of laying or forming the joints.

Taking the angle for slates to be 26¿°, the following Table will show the inclination that may be
given for other materials, and the weight of each material on a superficial foot of the inclined

surface :

—

Kind of Covering.

Asphalted felt

Tin
Coppei
Lead .,

Zinc »

Slates, large

„ ordinary

Thin slabs of stone or flags

Plain tiles

Pantiles

Thatch of straw, &c, .

.

Inclination to

the Horizon.

o 1

3 50

7*
36

22*

26 33
29 41

24*

45

Height of

Roof in parts
ot Snace.

Weight per Super. Foot.

"30

_1_
15

1

1
4
2
T

lbs.

3

5

1

9

5

20
15
6

6

to

lbs.

•4

25

1

1

7
2
11-0
9-0

25-0
18-0
8-0
10-0

25
25

Whenever it is desired to make a roof for a dwelling-house which shall be cool in summer and
warm in winter, and be durable as well, it should always be boarded over before the slates are put
on. In the roofs of ordinary dwelling-houses this is not done, and hence it arises that the garrets,

if the house happens to be provided with them, are frequently unendurable in summer and winter
from the excessive warmth at one time and extreme cold at the other.

Compound Roofs.—Hoofs are occasionally constructed of timber and iron, and when the two
materials are judiciously and scientifically combined, the compound structure is of an economical
character. In modern roofs the use of wrought iron in combination with wood has been more
extensive than formerly. Instead of being confined to straps and screw-bolts, iron is now used for

king and queen bolts, ties and struts, and sometimes for principal rafters and purlins. But for

common rafters, which require to be battened or boarded over, and for tie-beams, which have to

carry a ceiling, wood has the advantage, from the facility with which other timbers can be fixed to

it. When the roof is not required to support a ceiling, an iron tie-rod is preferable to a wooden
beam For purlins, principal rafters, and struts, rolled iron can now be provided of almost any
suitable shape and size.

C643.

The simplest application of wrought iron in such cases is in Fig. 6643, the same as the ordinary
queen-post truss, except that iron rods are substituted for the queen-posts. The heads of these
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rods are fixed to the iron sockets, which take the ends of the straining beam and principal rafters.

The lower ends pass through the cast-iron shoes, which receive the feet of the struts that support

the principal rafters, and are continued through the tie-beam and secured by a nut, which enables

the bolts to be screwed up tight.

Fig. 6644 shows a form of roof suitable for a shed, where as much clear space as possible in

height is required. The strain on the rafters, where connected by the collar-beam, is relieved by
iron tie-rods, which are suspended at a considerable height by the king-bolt, to which they are

secured by a screwed end and nut. The lower ends of the ties are fixed to the cast-iron boxes, as

shown in Fig. 6645, by which the rafters are attached to the longitudinal bearers over the columns
which support the structure.

A better arrangement, if it did not interfere with the space in the roof, would be to keep the

tie-rods horizontal, or nearly so, and to continue the king-bolt down to it, as there will always be
a tendency to thrust out the sides when the ties are so much inclined, as in Fig. 6646, the arrange-

ment by which the rafters and ridge pieces are secured in a cast-iron socket.

6644.

6645.

6G46. 6647.

A better arrangement for an open roof, with iron ties and struts, is shown in Fig. 6647. The
tie-rods ¿re made to pass through the feet of the rafters, and are secured to a continuous plate of

wood, which rests on the walls. The struts in the drawing are supposed to be cast iron, but a
piece of wroughtìj" or angle iron would be preferable, and,could be as readily secured to the ties

and rafters. Fig. 6648 is a very superior arrangement for a roof which has to carry a ceiling. In
consequence of the suspension of the tie-beam at so many points, the timber is not required to be
of so large a scantling as in the ordinary queen-post truss. In long spans, owing to the length
required for some of the struts, wrought iron should be used in preference to wood. There is no
reason why the principle on which girders are used in the construction of bridges should not be
applied to roofs.

A good example of a compound roof is represented in Figa. 6649 to 6652. It is erected over tho
lecture room at the London University, and possesses the somewhat peculiar feature of compound
purlins of wood and iron combined.

Cast iron has also been extensively used in combination with wrought iron and wood in the
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construction of roofs, but its adoption is not to be recommended where there is a liability to sudden

strains, particularly cross strains.

6649.

6650.

Iron Roofs.—The use of cast and wrought iron for roofs has so many advantages that their

employment, espicially that of the latter, is very general. Economy, lightness, portability, and
facility of erection render this material peculiarly well adapted for use in all countries, and par-

ticularly so in those in which ordinary building materials are scarce, and skilled labour of an
expensive character.

Arched Iron Roofs.—Koof principals of the first class having a horizontal thrust must in their

construction have such stability at the springing point as will offer to this thrust the necessary

resistance.

The abutments for arched principals can be obtained in various ways. The most natural

method might at first sight appear to be in making the walls on which the arch rests sufficiently

strong. In almost all cases, however, this is too expensive, and when it is adopted, the wall is only

thickened at the points where the principals rest, the part thus thickened forming a buttress or

abutment. In most instances a tie is introduced to take the horizontal thrust, as may be seen in

some of the examples.
T ?/? fi If*

The equation for the horizontal strain at any point of an arch is H = , in which

H = the horizontal strain, w = the load between the centre of the arch and the given point. If

the crown be taken as the origin, x and y are the two co-ordinates. From this equation may
be deduced the one commonly used in determining the strain at the centre of any arch, girder, or

suspension chain. Integrating we obtain H =: —— . When x = o H = o. When x = —
, as it is

¿ y A

w L2

—— , but wL=W, and y = D, so that we obtain
o

for the central strain, the equation becomes H
WL

ñ. — ——- , the same equation deduced in our article Materials of Construction, Strength of. The

other strain to be determined is the resultant pressure at any point, and is compounded of two
others, the horizontal strain and the weight. The resultant pressure acts at a, tangent to the line

of equilibrium, and may be thus obtained ;—Put S for the resultant strain, and for the angle the
line of pressure makes with the vertical, and we have S = H cosecant 0.

It has already been statt d that arched roofs may be classed under one of two heads, those having
solid and those having open or braced webs. The first of these will now bo considered, for which
purpose it is necessary to have clear ideas of the general manner in which the arch is affected by
strains. On the supposition of a uniformly distributed load, and that the form of the arch is a
parabola, the horizontal thrust may be assumed to be constant from the crown to the springings.
This thrust answers to the strain at the crown, and has been ascertained by the above formula.
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This, it will be seen, is the same formula that obtains for the strain on the flanges at the centre of

a girder having the same span as the arch, and a depth equal to its rise. In the diagram,
Fig. 6653, let L = 50, R = 10 ft. in., and making W = 20 tons, the value of the central strain is

20 x 50
S = g

— = 12*5 tons. Similarly, the strain at any other point may be found by calculation,

but it is not so correct as that given by a diagram, for the reason, already stated, that the condi-

tions assumed in theory and in the calculation do not actually prevail when the arch takes its real

form, We will first ascertain the strain by calculation at any given point, H in Fig. 6653. Let
W 1 equal the load upon the arch situated between the crown and the point H, and S the strain

already found at the crown. Putting S 1 for the strain at H, the equation becomes S 1 = VS2
-f- W t

2
.

In the present instance S = 12 -5 and W
x
= 5 tons; so that S 1 = Vl2'52 +"5*" = 13*46 tons,

equals the strain at the point H. This is a special example, but generally, if S be the strain at the
crown, W the weight between the crown and any point x where the strain is required, then the

strain S 1 at that point is obtained from the formula S 1 == \/S2 + W2
.

It is obvious that the greater the discrepancy between the real form of an arch and a parabola,

the wider will be the departure in practice from the results arrived at by pure theory. We may
now proceed to calculate our strains by diagram, and first for the strain at the crown.

Referring to Fig. 6653, let F G represent a portion of the radius of the arch ; draw D E at right

angles to it. D E will consequently be a tangent to the arch at the point H. Make H K, drawn
vertically, equal to the load situated between the crown of the arch and the point H. Draw K L
horizontally to meet H E at L, then K L is equal to the strain at the crown C. In Fig. 6653, H K
is made equal to 5 tons, on a scale of 20 tons to 1 in., and K L measures exactly 12*5 tons by the

same scale, which is the value already found for the central strain by calculation. As the strain at

the crown is horizontal, the calculation and the diagram coincide, accurately in the result, which is

not the case at any other point of the arch, the discrepancy increasing the nearer the point

approaches the springing. It is not difficult to demonstrate this mathematically. In the triangle

H K L we have H K = K L x tangent of angle K L H. Put angle K L H = 0, then H K =
KLx tan. 0. Draw the line A C, then A C is parallel to D E, and the triangles H K L and
ABC are similar. Consequently the angle KLH equals angle BAC. Calling this angle 0' we

B C
have = 0' and H K = K L x tan.

1
. By construction the tangent of angle 0' =

A B
And

B C = R and A B
T T?

half span of arch = —
, so tan. 0' = — . Substituting this value in the equa-

2 L

R
tion, we obtain HK = KLx =-

Li
Referring to the diagram in Fig. 6653, and using the same

W
notation as before, HK=- and KL = S= the strain at the centre of arch. Putting in these

W
4

values in the formula we get S = —
-^ù -Lb

W X L
8R , which is the formula given at the commencement

of our article. It should be remarked here that the value of R in both Figs. 6653 and 6654 is about
twice that which would be given to it in practically designing a roof. The reason it is so propor-

tioned in the diagrams is to allow the construction of the strains to be better shown, which would
not have been the case had the arch been drawn too flat. The space at our command does not

permit of the diagrams being made on the same scale as they would be in the engineer's and
architect's office.

6653. 6654.

Having shown the method of ascertaining by diagram and calculation the amount of the central

strain, it now remains to find that at any other point by the former mode of analysis. Let us sup-
pose that it is required to determine the strains at five equidistant points of the arch represented in
Fig. 6654. That at C has been already determined for the case in Fig. 6653, and can be equally
readily obtained for that in Fig. 6654. In this instance L = 100, W = 40, and R = 20, and the
central strain S will be equal to 25 tons. To determine the strains at the other points D, E, F, and A,
draw the lines D D', E E', F F', A A', towards the centre of the circle of which the ardi is a seg-
ment. They are therefore parts of the several radii, and the lines D J, EK, F M, aud A. P, drawn
perpendicularly to them respectively, will be tangents to the arch at the points where the several
strains are required. From these points draw the horizontal lines D G, E H, F L, and A N, making

8 Q
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each equal the strain at the centre, or equal to 25 tons. From the end of these lines draw verticals

to meet the tangents, and the several strains at the points D, E, F, G, will be given by the lines

D J E K F M, A P. If they be measured on the diagram upon a scale of 20 tons to 1 inch, they

will read'25 "5, 27, 29*5, and 34 "5 tons respectively, or rather more than what they would amount

to by calculation by the ordinary formula. There is, however, an accurate method of calculating

the strains at any point which will serve to check those obtained by the aid of a diagram. The

strains vary as the secant of the angle which a tangent at any point makes with a horizontal line.

When this angle is known the strains can be determined.

In Fi°\ 6655, let the diagram be a reproduction of that in Fig. 6654, only on a smaller scale, in

order to allow of the centre of the circle being shown. Suppose it is required to find the strain at

the springing of the arch; as before, let AP = S 1 = required strain, S = that already found for

the crown, and put for the angle PAN. Since the angle PA O is a right angle, the angle PAN
is the complement of the angle BAO. Making this latter equal to 0', we have = (90°— 0'). If

the angle 0' were known, the problem is solved. To find 0', we use the trigonometrical equation of

the triangle ABO, in which the angle A B O is a right angle, and B O = A B x tan. 0', or tan.

0' — . But B O is equal to the radius of the arch minus its rise. Calling the radius of the
AB

circle R1
, then B O = R 1 — R. When the span and rise of an arch are given, the radius is found

T 2 -4- R2 502 + 202

from the equation R 1 = n
"^— , when L is the half span. In this case R1 = n . nn =72-5 ft.

2R 2 + 20

From
we find

AP =

this B O = 52 • 5 ft. By logarithms we have, log. tan. 0' = log. 52 • 5 — log. 50 + 10. Solving

d 0' = 46° 24'. Consequently 0' = 43° 36'. Referring to Fig. 6655 in the triangle APN,

By logarithms log. S' = log.
AN

Consequently

But AP = S' and A N = S', therefore S' =
S

COS.COS.

S - log. cos. + 10. Putting in the values for S and 0', we have log. S 1 = log. 25 — log. cos.

43° 36'°4- 10. Solving for S 1 we finally obtain S 1 = 34-52 tons, which is the same value as that

given by the diagram in Fig. 6654. If the values of the secants of the other angles made by the

tangents with the horizontal lines be found, the resulting strains at those points can be also deter-

mined. As many points may be taken as considered desirable, but unless the arch is very large,

four points will be sufficient for practical purposes.

6656.

Roofs of trussed ironwork in the arch form are especially well adapted for roofs of large span,

not only on account of the reasons already mentioned, but because the strains upon the bracing are

comparatively small, and therefore the full value of the trussed arch is not obtained in examples of

limited span.* The example of a trussed arch roof, Fig. 6656, has a span of 50 ft., a depth of truss

of 7 ft., and is supposed to be loaded with 2 tons on the whole roof, or 1 ton on the half principal

shown in the figure. The thick lines represent the parts in compression, and the thin ones those

in tension, from which it is at once evident that the whole of the upper flange or bow is in com-
pression, and the lower or tie in tension. Also B E, C F are struts, and C E, D F ties. When the

design of a trussed roof is of a very complicated nature, it is not easy to determine, as in the pre-

sent case, by mere inspection those parts which are in compression and those which are in tension.

It is not until some progress has been made in the analysis of the strains that the manner in which
they affect the various members of the truss becomes apparent. Having ascertained those bars

which are struts and those which are ties, the next point is to examine into the distribution of the

load. Referring to Fig. 6656, we have a total load of 1 ton upon the half principal, and it is

divided as follows;—There will be one-third situated at each of the points B and C, and one-sixth

at A and D. Thus we shall have at B and C a weight of 0*33 ton, and at A and D a weight of

0-165 ton. It will, however, be apparent, by a glance at the diagram, that the weight of 0-165 ton

at A is supported directly by the vertical reaction of the abutment, and consequently produoes no

strain whatever on any part of the truss. Its action may be therefore ignored, and the total weight
on the principal producing strain on its various parts will be equal to 0-825 ton instead of 1 ton.

This theoretical assumption will not hold, unless the distance A B or unsupported length of the

rafter, between the abutment and the strut BE, be of sufficiently limited dimensions so as not to

allow of any bending taking place. This is always practically effected by subdividing the roof, by
the introduction of the sloping struts, into lengths which are too small to permit any appre-

ciable deflection.

The relative positions of the subdivisions of the load being adjusted, the next operation is to

ascertain the strains upon the various bars, and in the analysis, as in all other calculations, we
must always proceed from the known to the unknown. At the point of support A, the vertical

reaction producing strain upon the roof is the sum of the weight at B, C, and D, since they must all

be ultimately transferred to that point. This reaction is therefore equal to 0-825 ton. We have
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therefore three forces at the point A, making equilibrium at the point A, namely, the vertical

reaction of - 825 ton, the strain along A B, and the strain in AE. It must bo kept in mind that

although in practice the arch is a segment of a circle, it is supposed in the diagram to consist of the

polygonally-shaped figure ABCD, the length A B, B C, and C D being straight lines. Each of

these is, in fact, regarded as a separate bar, or part of the upper flange. On a scale of 1 ton to

the inch, make A H equal to 0*825 ton ; join AB, and produce the line to any convenient length.

From the point H, draw HK parallel to A E, meeting AB produced in K. Measuring by the
same scale, A K will give the strain upon A B, and H K that upon A E, respectively equal to 1 -90

and 1 • 57 ton. It should be observed here, that were A B in the same straight line with B C, as

occurs in the ordinary inclined rafter, then the strain upon A B would be the same as that upon
B C, plus the additional strain due to the weight at B. But as in the diagram the direction of the
different bars of the arch is continually changing, the question is considerably more complicated.

To find the strain upon B C, we must find the resultant of the strain upon A B and the weight at

B. Upon A B produced, lay off B a = A K equal to 1 *90, the strain already found for A B ; draw
ab vertically equal to the weight at B equal to 0*33 ton; join Bo, which is the resultant required.

From the point B, draw b d parallel' to B E, and B d will give the strain upon B C, and b d that

upon the strut B E. There now remains only the central bar C D of the upper flange upon which
to ascertain the strain. This, allowing for the change of direction, will evidently be less than that

upon B C, by the action of the weight at C, plus the pull on the queen-rod C E. Before the strain

upon C D can be determined, that upon C E must first be obtained. This obviously proceeds from
the pull at the point E, for since C E is a tie it cannot be affected by the weight at the apex C,
which is supported directly by the arch and the strut O F. At the point E, there are two forces

acting, a compression along B E, and a tension along A E, and the resultant of these will pull upon
both C E and E F. The amount of these pulls or tensile strains may be thus ascertained. Produce
A E to any convenient length, make E h equal to H K, equal to the strain upon A E ; from h draw
h m parallel to B E. The resultant of the strains in A E and B E will be represented by E m. From
m draw m n parallel to E F, and m n will be the strain upon E F, and E n the pull upon the queen-
rod C E. The compression upon C D can now be calculated. Produce B C, and upon it lay off

C p = B d ; from p draw p q, equal to the weight ' 33, at C plus the pull E m ; from q draw q r

parallel to C F, and the strain upon C D is measured by C r, and that upon C F by q r. The
question of what becomes of the weight D at the central apex will probably be now demanded. As
I) F is a tie, the whole of the weight D is conveyed in equal subdivisions to each of the two abut-

ments, and it has already been accounted for, since it was included in the value of A H, which was
made equal to the vertical reaction at A. There is yet one more strain to be determined, and that

is the pull on the king-rod D F. The rod D F can only be affected by the strain upon the strut C F,
since it is at right angles to the tie EF. But the corresponding strut upon the other half of the
girder will bring a similar strain upon DF; so that by producing C F, making F S equal to

twice q r, and drawing S t parallel to E F, the total strain upon D F will equal F t. The strain

upon D F is in fact the vertical resultant of the strains in O F, and the corresponding strut upon
the other half of the roof.

The strains having been determined, they should be tabulated as in Table I., and preserved for

future reference. Before, however, considering the analysis as thoroughly trustworthy, a few of the
strains should be checked by some independent method, as errors will frequently occur in estimating

them by means of a diagram, which are only perceived by employing another process of analyis.

The strain upon E F may be checked by drawing from H the line H B parallel to E F. The line

H B will equal n m, the strain already found.

Table I.

Bars.

AB
BO
CD
AE
EF
BE
OF
CE
DF

Strains.

+ 1

+ 1

+ 1

-1
- 1

-r-0-25
+ 0-22
- 0-25
- 0-22

90
90
65
58
33

There is this general principle to be borne in mind in determining all strains upon trussed con-

structions by diagram. Whatever may be the amount arrived at by summation, if the same value

for the strain is also obtained by an independent operation, it is scarcely within the limits of possi-

bility that it should be otherwise than correct. As an example of our meaning, take the strain

found on the end of the bow A B. It is determined at once by the plotting upon the vertical line

A H the reaction of the total load upon the half roof. But if each weight wore treated seriatim,

the sum of the separate strains would be found to equal that obtained in the diagram. It will be of

great advantage to those who are unacquainted with the method of analyzing strains by graphical

diagrams to work this out for themselves on a large scale, and tabulate the several strains arising

from each weight. The strain on the central bar of the arch C D may be checked by calculation.

Let S equal the strain. L the half span, G the distance of the centre of gravity of the half load from

the centre of the girder, D the depth of the truss, and W the total load upon the whole roof.

"W (L — G)
Then we have S = —= ^r-- - Substituting in this equation the values for the letters, we get

2 x D
8 Q 2
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2 (25 — 12*95)
S = — -, and solving the equation, S = 1*72 ton, which differs only by 0*07 from that

arrived at in the diagram, a quantity that may be regarded as inappreciable. In conclusion, it

should be mentioned that wherever a trussed principal is employed, in which a sloping rafter is

used instead of an arch, the method given in the present case is not applicable. It is not difficult,

however, to apply another method which gives equally true-results.

In the construction of wrought-iron arched roof principals, the rules by which stone arches

are designed need not be adhered to. A stone arch must be of sufficient thickness to enclose

within itself all possible lines of pressure resulting from various loads, because it is assumed
that the voussoirs of an arch cannot well resist a transverse strain. In an iron arch, however, a
material so specially suited to resist transverse strains is employed, that the outline of the arch may
be designed without strict regard to the lines of pressure, if these are duly considered in determining

the dimensions of the material.

The sections of arched ribs may, like those of girders, be made in many different ways. For
small spans a single web-plate is generally used, but where the rib is more than 12 in. deep, a

lattice or trellis system is preferable, as affording the nece'ssary strength with a more elegant

appearance. It is seldom, except in large roofs, that the flanges have any but a single "f section ;

though in all cases the trough or

box section, is peculiarly suitable

for resisting the strains to which
a roof is subjected.

If the trellis system with verti-

cal struts is adopted, the diagonals

need only be ties, as in trellis

girders; but if a lattice or other

triangulated system be used, all

the diagonals should be struts, to

meet the various lines of pressure

to which the arch is exposed. An
arched roof generally costs more
than a trussed roof, if the expense

of abutments is included. But if,

by the position or arrangement of

the building, abutments already

exist, or if tor other reasons they
have to be provided, then an arched
roof may.be preferable to one of a

trussed form.

"We have selected three ex-
amples of arched roofs, the first

of which is that over the central

transept of the Crystal Palace, at

Sydenham, England, and is re-

markable as being almost the only

example which exists of this form
of roof. The other two examples
comprise one of the solid web or

plate type, and the other of the
trussed or open web type. This
last is the largest trussed roof

erected, with the exception of that

already described and erected for

the Vienna Exhibition. The Crys-
tal Palace roof is shown in general
elevation in Fig. 6657. An eleva-

tion of a portion of the main rib is

in Fig. 6658, and the details in
Figs. 6659 to 6673. This roof,

which has a span of 120 ft, is very
peculiar in its construction. It is

an arch of such a depth, that it

acts partly as a girder, throwing
upon its supporting structure a
comparatively small horizontal
thrust. The outer and inner out-
line of the arch is a perfect semi-
circle, struck from the same centre ; 7f '

and the rib has therefore an equal
depth of 8 ft. throughout, the inner ..

radius being 52 ft., the outer one
60 ft. The rib consists of a bottom
and top flange, each consisting of
two L irons 6 in. x 3| in., and a £-in. plate 10 in. wide, having an available sectional area of 9^
Rq. in., asshown in Figs. 6659 to 6661. These flanges are throughout the length of rib of equal
cross-section, <and are connected together by a double lattice-work, made of flat diagonal bars.
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Each side of the rib is divided into eleven equal parts, between its springing and its centre. Each
of these parts contains two diagonals, one above the other, and struts radiating to the centre, one
of the struts being a cast-iron distance strut carrying purlins and connecting them to main rib, and

66Î3.

the other a wrought-iron strut made of two channel irons 4 in. x 1} in. X Jin., having two distance

pieces riveted between them. The joints in 6 in. x 3 in. |_ ir0118 ftre made alternately at intervals

of about 14 ft., proqer distance pieces filling out the 3|-in. space between |_ irons, its f-in. rivets act
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only with single shearing area. At intervals of about 1 ft. 9 in., distance pieces are put between

L irons, and fixed also by f-in. rivets, the same as in wrought-iron struts. The diagonal bars are

throughout 4 in. wide, f in. thick, with an available sectional area of 1*2 sq. in. running always
through two diagonals, and are not straight. But they are, for the sake of architectural appearance, so

arranged that they cross exactly in the middle of the rib, and in one-fourth of its depth from its outer

and inner outline. They are connected at intersections by a f-in. rivet. A round ornamental knob,

made in two halves, being connected together by three f-in. tap-screws, covers this joint. The ends
of diagonals and wrought-iron struts are connected with the L irons by a li-in. bolt, as in Fig. 6659.

The cast-iron distance struts are shaped according to the wrought-iron structure which they have
to strengthen, and according to the cast-iron end pieces of purlins which are bolted to them by either

six or four f-in. bolts, as they belong to the 6-ft. or 3-ft. deep purlins respectively.

The strut has accordingly a cross-section of 7 sq. in. sectional area ; its f-in. web is widened out
to a pocket for letting the diagonals through, intersecting at this point. The web at top and bottom
of strut is brought out to two lugs, which fit with a washer between the two angle irons, and are

each bolted to same by one 1^-in. bolt. Proper bosses are cast on to the web for eight \ -in. bolts

connecting purlins to same. Underneath these struts, ornamental pendants of -y^-m. metal are

screwed on to soffit of rib by four £-in. bolts. There are two kinds of purlins, A and B in Fig. 6660,
one kind being 24 ft. long, 6 ft. deep, and the other 72 ft. long and 3 ft. deep. The first serve for

bracing two ribs of one pair together, and the others act as pure purlins between each pair of ribs,

that is, they have only to support the intermediate rafters.

The 6-ft. deep purlins consist of a top and bottom flange of two L irons, 3 in. x 2 in. x \ in., of
2 sq. in. available sectional area ; and are connected by wrought-iron struts and double lattice-work.
Besides carrying intermediate rafters, they serve as bracing of main ribs for giving them lateral

stiffness. The struts are 8 ft. apart, and consist of two f" irons, 2 in. x 2 in. x i in., with l^in.

available sectional area, having between them in all cases two diagonals, one above the other, similar

to the lattice-work in main rib. The diagonals are flat bars, 3 in. wide, -^ in. thick. They are

straight, and run always through two divisions of 8 ft. At their ends, proper cast-iron distance

struts are fastened to |_ irons by one lf-in. bolt, and the web is again properly widened out to a pocket
for receiving the ends of two diagonal bars, which are riveted to the casting by one f-in. rivet. The
3-ft. deep purlins serve only for carrying the intermediate ribs. They consist of a top flange of two

L irons, 4 in. X 2 in. x \ in., 2*44 available sectional area in centre, and a bottom flange of two flat

bars being at the end 4J in. x f in., in centre 4£ in. x f in., with 4 " 68 sq. in. available sectional area.

These flanges are connected by vertical struts 8 ft. apart, and diagonal tie-bars decreasing in the
three diagonals next to end, from -^in. in thickness to £ in. to T̂ in. to \ in. They are respectively

fixed to top and bottom flanges by a lj-in., lf-in., 1-in., and f-in. bolt. All the bars are 4 in. wide,

the struts are of cast iron of a X cross-section, 2 in. x 2 in. x fin., and diagonals of wood are put
across the diagonal tie-bars, 4 in. wide, \ in. thick, and fastened by f-in. bolts.

Both purlins carry above each strut an intermediate rafter, Figs. 6662, 6663, having the same out-

line as the main rib. It is made of a f-in. web-plate 1 ft. high, in length about 8 ft. 5 in., with a top
and bottom flange consisting of two |_ irons 2 in. x 2 in. x | in., in length about 16 ft. 10 in., with
1£ sq. in. available sectional area. A special arrangement is made for bracing purlins sideways to

these intermediate ribs. The purlins at the bottom end of their vertical struts are suspended by
two rods to points of the intermediate ribs, being just in the middle of two bearings or purlins. For
that purpose, a cast-iron shoe is fixed to the bottom L irons of rafter at those points by four J-in.

bolts of a proper shape, to receive the ends of the hanging rods, f-in. in diameter. The other ends
are widened out to an eye, which is connected to the bottom flanges of the 6-ft. or 3-ft. purlins by the
bolts, fixing end of vertical strut to the same. The details of this connection are for both purlins

the same, except the altered angle of the hanging rods. Next to each of the cast-iron end struts of

purlins a kind of pocket is riveted by eight f-in. rivets, consisting of two f-in. plates, with two 1 J-in.

thick distance pieces between them, for receiving the ends of wind-ties. These are flattened out to

eyes, and fixed by a 1^-in. bolt. The wind-ties are, throughout, round rods of If in. diameter, and
form the diagonal bracing between main ribs, as shown in Figs. 6664, 6665. At the point where
they cross each other they are connected by a ring, to which, each end of the four is screwed in the
usual way. The ring is in this case of cast iron, and has a sectional area of 9f sq. in., strengthened
by proper bosses round the bolt-holes,, and, besides, by two wrought-iron rings of 1 in. sectional

area, put on while red hot. This connection serves for bringing a strain on the diagonal bracing
rods. The covering of this roof is entirely of glass, on the ridge-and-furrow principle.

The main and intermediate ribs carry wrought-iron gutters, 9 in. wide at the top, 7 in. at bottom,
4 in. deep, shown in Fig. 6666. They are riveted to top |_ irons of ribs with ¿-in. bolts, about 9 in.

apart alternately, and to intermediate main ribs with f-in. bolts in the same way. To the edge of
this gutter an L iron 1| in. x 1£ in. x -^ in. is riveted, and to this a piece of wood 1 \ in. x 2£
is fixed by f-in. screws, about 6 in. apart. Into this piece of wood the ends of the sash-bars are let

in, about 1 ft. apart, the top being fixed to the ridge. This miniature roof runs right along the
whole rib, from the main gutter to the lower standards of the ventilator, and is hipped at its ends.
The main ribs, as well as intermediate ones, carry at their crown, over the cast-iron distance strut

next to centre, a lower standard of cast iron 5 ft. 10J in. high of H cross-section. The sides are filled

in with wood, to which the lower plates are fixed. The ventilator is covered, as the other parts of
roof, by a number of similar small hipped roofs, Fig. 6667, formed by mere slanting sash-bars,
having in this case only wooden gutters, each supported by the standard in centre of each rib. The
outer standards of the ventilator arc held up by a diagonal bracing running from one to the other,
and consisting of J-in. round rods, which pass through a slotted hole, spaced out in the middle one.
A wrought-iron gutter runs along the base of the outer standards, supported by wood boarding, for
conducting tho water, which drops down from the ventilator covering to the gutters on top ribs.

The main rib weighs 10 tons. The purlins, which are 6 ft. deep, weigh each 12 cwt., those 3 ft. deep
weigh each 1 ton 4 cwt. The total ironwork in one bay of 86 ft. weighs 61 tons 3 cwt. Each of the
main ribs is supported by two columns 8 ft. apart, so that each of the flanges starts over one of the
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columns. This is effected by means of à cast-iron square frame 8 ft. 8 in. wide and 8 ft. high,

shown in Figs. 6668, 6669, bolted to top of each column by four 1-in. bolts, and also by four 1-in.

bolts to top of girder connecting top of columns. It consists of two pieces of the same section as the

columns, connected by a f-in. web with a large circular hole taken out in the middle, and smaller

ones in the corners. Proper flanges are cast on the top corners of it, to which each of the flanges is

bolted by six 1^-in. bolts, by means of a strong bracket. The cross-sections of this frame, through
the weakest part of the columns, has 25| in. sectional area, the octagon columns being 8 in. in

diameter and 1 in. thick, the web and its flanges f in. thick. The parts of frame acting as bracing
to the angles have 9 in. sectional area. Appropriate pockets for receiving the ends of the diagonals

are constructed in the upper end of web, the outline of which is shaped like that of the Cust-iron

distance struts. The two diagonals in the middle are fixed to it by one l£-in. bolt, and the
diagonals at the springing of flanges by one 1-in. bolt each. On top of the outer column of frame,

lugs are provided for fixing brackets of 6J in. inner width under the water outlets of main gutter by
four 2-in. bolts, with 1 ft. 2 in. x 5 in. water-way. The main gutter, shown in Figs. 6670 to 663,7
running along the whole roof is, on the average, 1 ft. 9 in. wide and 11 in. high. It is cast in
lengths of 7 ft. 11 J in., -^ in. thick, the joints being made by eleven f-in. bolts. The intermediate
ribs are supported by cast-iron standards 8 ft. high, resting on one of the cast-iron girders 3 ft. deep
and 23 ft. 3| in. long, which serve in the whole building as bracing and floor, and also carry girders

between columns 24 ft. apart. Such girders also brace the columns lengthways under the flanges of

main rib. The before-mentioned standards have the section of half a column of 9 in. diameter, are
of f-in. metal, and widened out at the top to a bracket, on which the base of intermediate rib is

bolted by six §-in. bolts. The lowest of the purlins connected to the top of the frame for supporting
main rib is also connected by four ¿-in. bolts to this bracket, and proper lugs are cast on the top of
standard for fixing a bracket, by four f-in. bolts supporting main gutter at each 8 ft. The horizontal

thrust of the main ribs is transmitted by the cast-iron frame to the system of columns, which are
connected by cast-iron girders as described before, and well braced by diagonals fixed to ends of
girders by means of keys.

At the intersection of vertical diagonals, a similar adjusting connection with a ring and screws,
as that for wind-ties, is applied, the whole being hidden by an ornamental joint cover. The entire

supporting structure up to the frame is very rigid. It is besides heavily loaded by bearing girders
below floor level, and on one side by a fireproof flooring of brick arches, and on the other side by
cast-iron girders fastened to brick foundations, and can take easily the thrust arising more from
wind pressure than from the weight of the roof, which is taken partly by the rib itself, which is of
a very great depth. The rain-water is carried off in the usual way by the hollow columns.

6675.

Arched Roof of the Derby Market Bali.—The area covered by this roof is a rectangle 192 ft. long
and 86 ft. 6 in. wide, and shown in elevation and , cction in Figs. 6671, 6675. It is divided into eight
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bays of 24 ft. each. The roof is hipped at both ends, and therefore there are only five ordinary

principals of 81 ft. 5 in. clear span. The principals consist of wrought-iron arched ribs, the inner

and outer curves being true circles struck from the same centre, with radii of 43 ft. 9 in. and
41 ft. 5 in. respectively, the springing of rib being 7 ft. 6 in. above centre. The height of rib at

crown is 62 ft. 10 in. above the floor level. The wrought-iron rib is of the same depth throughout,

and consists of TVhi- web, and top and bottom flanges each of two |_ irons 3£ x 3| x -j^. An
elevation of a portion to an enlarged scale is shown in Figs. 6676 to 6681.

6677.

*iTbn»

6680. 6681.

rixm,atTajK

6682.

At every alternate supporting place of the purlins the web is

joined by means of a joint plate 1 ft. 9 in. x 10£ in., \ in. thick, which
plate is also riveted on to the web at the other purlins as a strength-

ening plate. Angle irons extend always over two lengths of web.

The web is ornamented in an original way. A neat design of holes

is punched out of the solid plate, leaving the material intact where
it acts in a similar manner to diagonals, Fig. 6676. These holes, of

which the larger are about 6 in. in diameter, were punched out by a
simple screw press, with long levers and heavy weights attached to

them. When brought once into the swing, the mere momentum
suffices to drive the punch through the plate, which is T

5
g in. thick.

The base of rib is horizontal, 2 ft. long, while the top flange is

2 ft. 5 in. above, carried vertically down. It is fixed by eight 1-in. bolts, on each
side of the web, to the supporting cast-iron column, the angle irons of the bottom
flange being carried round horizontally for that purpose. Riveting is don3 throughout
with f-in. rivets, about 4 in. pitch. A board 8| in. wide by 1 in. is fixed to soffit

of rib for mere appearance. The rib carries wrought-iron lattice purlins, at intervals

of 6 ft. 9 in. On each side of such purlin a cast-iron strut is fixed to the rib and
purlin by six f-in. bolts. By this connection, the projecting of the purlins beyond
the ribs is prevented.

The purlins, which are 23 ft. 10 in. long and 1 ft. 6 in. deep, Fig. 6677, are

radial, and are connected to the main ribs by means of the cast-iron end struts of

f-in. metal by two f-in. bolts. They consist of a simple truss, the top and bottom
flange of which are each formed by two |_ irons 3 X 3| in. The top flange is also

connected by f-in. bolts to top flange of main rib. Cast-iron struts, 3 ft. pitch, and
flat bar diagonal bracing 2± in. wide, increasing from \ in. to f in., and \ in. in thick-

ness, connect the flanges of the truss by f-in. bolts, serving as pins for diagonals.

Wooden diagonals are also used for giving the appearance of a complete diagonal
truss. The purlins support at each strut a wood rafter 6 in. in depth. Each alternate

strut is so eidarged as to form brackets connected to the wood rafters by -f-in. bolts,

which are employed to keep the purlins in their radiating position. The other struts

are brought out at the top to more lugs fixed to rafters by f-in. coach screws.

On the top of the main ribs a piece of wood 5| in. x 3 in. is fixed for nailing the
1-in. boarding thereto. The 1-in. boarding is covered by Italian zinc near the crown,
and at the lower part by slates. A portion of the roof is glazed. The ends of the
roof, it being hipped, are formed by ribs which are generally constructed like the
ordinary ones, but stronger in cross-section. One ordinary rib weighs 5| tons. The
weight of purlins, and standards for one bay, is 9£ tons.

The ironwork for one bay of roof weighs 14f tons.
Each rib is supported by a cast-iron column, see Fi?. 6682, 23 ft. high from floor,

level to bottom of gutter, of an octagon section, and lì in. thickness of metal. The
base is also octagonal, 2 ft. 10 in. high, and at the bottom of 2 ft. inscribed diameter.
At a height of 19 ft. 7 in. from floor level it widens out into an octagon capital of
2 ft. 9 in. inscribed diameter at the top. The base is plain. The top is a little ornamented by
raised leaves. Above that, the column widens out into a kind of flat box, 4 ft. 2 in. high, with a
bracket in front, supporting the horizontal plate to which the |_ irons of base of columns are bolted.
.The horizontal plate extends over the middle of the continued column, leaving on each side of
bracket openings for receiving outlets of gutters. The column changes above this horizontal plate
into a vertical piece of H section, 1 ft. x 10| in. x 7f in. x 1J in., 4 ft. x 4 in. high. The vertical
part of the base ofrib is bolted, as already mentioned, to the inner flange, 10£ in. wide. The bracket
m front appears as an ornamental bracket, of the same thickness as the flat box forming part of
column, which is in elevation shaped like the two brackets supporting the outlets of gutter on
each side of column, supporting outlets and the upper flange of the H iron, a frame 11 ft. 6 in. long

Ö
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is fixed by six 1-in. bolts. It consists of an arch of 5 ft. 1 in. radius of bottom outline, and on the

top a square frame 2 ft. 6 in. deep. All the main flanges are 8 in. wide § in. thick, only the upper
flange of frame 1 ft. wide x f in., the web being \ in. thick.

The other end of the frame is suitably provided with a vertical flange and a lug at the bottom,
for resting on the wall, being besides bolted to it by four 1-in. bolts. The horizontal thrust is in

this roof taken by a very peculiar arrangement. On the top of the frames just described, on each
end strong boxes are cast on, each of which contains a pin dropped into it from above. These pins
connect the ends of diagonal bracing rods, with eyes on one end and key adjustment at the other.

Along the outer boxes a wrouglit-iron flange runs throughout the length of the building. This
flange, consisting of four plates 1 ft. x 1| in., and two |_ irons 3 ft. x 3 ft. x \ in. in centre, is

connected by the pins to the 'diagonals. On the other hand, the gutter acts as the other flange of

this horizontal girder, and is made sufficiently strong, being If in. thick. The single lengths of

gutters are connected together by means of eight 2-in. bolts, being equal in sectional area to the
strength of the gutter, of course piercing the web of the T-shaped part of column.

As the gutter is sometimes exposed to tensile strains, it requires therefore the above-mentioned
area. There are eight diagonals, one for each bay, and the dimensions of the rods increase from the

centre towards the ends. This roof offers in its longitudinal direction so great a resistance to the
force of the wind that wind-ties are unnecessary. The gutter, which is 1 ft. x 5§ in. deep, 1 ft.

wide, and 23£ ft. x 4 in. long, and If in. thick, has at distances of 3 ft. small shoes cast on,

which receive the ends of the intermediate rafters, 6 in. x 3 in. The rafters are placed across the
12-ft. corridor at a proper slope, laid with 1-in. boarding and covered with slates. The other ends
of these rafters rest on shoes on the wall surrounding the hall. The gutter is covered by a snow
grating, which is 1 ft. x 3 in. wide, and cast in lengths of 6 ft. It rests on small supports fixed by
two f-in. bolts to cross-pieces cast on the gutter at every second pair of shoes, and serving as distance

pieces in the casting while it cools and prevents it from warping. These distance pieces must
always be made with a top flange, otherwise the other parts of castings prove stronger in shrinking,

and tear it in the middle. The rain-water is carried sideways by the bracket-shaped outlets of

gutters into the column, and carried off to the drain pipes. The cast and wrought iron work of one
bay of roof weighs 14f tons. The cast and wrought iron work of one bay of supporting structure

weighs 17f tons.

6684.

Roof of the a Paneras Station, Midland Railway, London -The area covered}V^^^f¿
240 ft. in span, is 690 ft. by 240 ft. It is shown in Figs. 6683, 6684. The main ribs are 29 ft. 4 m.
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from centre to centre, and have three intermediate rib3 between them at equal distances apart,
carried at every 18 ft. 6 in. by trussed purlins between the main ribs. The form of the ribs is

entirely novel. They spring directly from the ground, and are firmly connected to massive brick
piers below the floor level. The curve of the ribs is of two radii of 160 ft. and 57 ft., meeting at an
angle in the centre 100 ft. above the level of rails. The ribs are 6 ft. deep, and formed with open
box flanges lOJin. deep; the flanges being braced together by diagonal channel irons and radial
struts forming the ends of the purlins. The lower parts of the ribs, to a height of about 25 ft. from
platform level, are constructed of plates and angle irons riveted together. The intermediate ribs
are 10| in. deep, and consist of angle irons braced with diagonal bars. The purlins are braced
beams 18 ft. 6 in. apart. They are so constructed that they stiffen the main ribs laterally. The
bracing is so arranged as to carry the proper proportion of each of the three intermediate ribs,
besides assisting to keep the bottom flanges of the main ribs in place. The whole of the roof is

braced horizontally to resist any strains that may be caused by the pressure of the wind either on
the gable or on the side.

This roof virtually springs from the ground, the side walls being merely screens to hide the
epringings. The main ribs are tied underneath the platform by a system of wrought-iron girders
for the purpose of counteracting the outward thrust which is common to arched roofs. This prin-
ciple of providing for the horizontal thrust of large roofs of this description, has been successfully
applied in other instances. When iron girders are thus employed, they not only serve the purpose
of supporting a platform alone, but they can be made to cover a certain number of spans or inter-
vals below, and the space thus obtained is utilized as vaults and cellars.

Trussed Roofs.—All the principals belonging to the second class are essentially girders or trusses,
and consist of a top member which is in compression, a bottom member which is in tension, and
various struts and ties arranged within the space between the two, to support the top member and
the load at intermediate points, and to transmit the strains produced at these points to the end sup-
ports. Instead of attempting to divide into classes, according to their characteristic features, the
innumerable forms adopted for trussed principals—a task hardly possible when it is considered how
one system is mixed with another—a few forms have been selected which, directly or indirectly, will
include most of the varieties which exist. The different kinds are shown in Figs. 6685 to 6693, and in

€585 6686. 6687. 6688.

0689. 6690.

6691. 6692. 6693.

each case the thick lines represent compressive members, and the thin lines members exposed to

tension. Fig. 6685 is of the simplest kind, and is equally serviceable for large or small spans. The
short struts are often made of cast iron, and owing to their moderate length, this material can be
safely and economically applied without excessive weight. The connections are symmetrical, and
have a natural, unconstrained appearance. For the larger spans, those over 40 ft., it becomes neces-

sary to construct the two upper rafters as girders to resist considerable transverse strains, because in

a roof of such a size there must be purlins between the points a, b and b, c. Hoofs with this kind
of principals are sometimes called French roofs. Fig. 6686 is of the same kind as Fig. 6685, but with
the strut so placed as to support the raftor in two points. Fig. 6687 is also of the same kind as

Fig. 6685, but with longer rafters doubly trussed. The three forms just described are marked by
the absence of vertical members, and for this reason the system is not a convenient one for hipped
roofs, and for those roofs also where a longitudinal bracing between the principals is required in a
vertical plane. Fig. 6688 may be considered as the elementary form of a class in which vertical

members are introduced, and in which the struts are not perpendicular to the rafter which they
support. The same system is carried out in Fig. 66S9, where each rafter is supported at three points.

This kind of truss is most commonly used for hipped roofs in which a vertical member is required
at the junction of the hipped part. It is applied to spans up to 60 ft. Fig. 6690 resembles Figs. 6685
to 6687 in having the struts perpendicular to the rafters, and in having no verticals ; but in the
general arrangement of the parts and of the connections it resembles Fig. 6689. The advantages
which this form of truss, Fig. 6691, affords are, the curved shape of the tie, and the favourable or
large angle of the tie at its start, which is at a. The parts a c, and c 6, may, or may not, form part
of the truss, which is complete without them, between a 6, 6 b', b' a', but they are useful as forming
bracing with the columns or walls, thus rendering the complete structure of a building more
rigid and self-contained than with any of the roof forms from Figs. 6685 to 6690. The desig-
nation of roof trusses is applied to forms in Figs. 6685 to 6692 ; the term girder being
seldom used, although there is no important difference between trusses of this kind and girders.
Fig. 6692 is sometimes used when the roof covering must be interrupted to admit of ventilation. In
its construction it resembles even more than do the preceding forms an ordinary girder, and there is

nothing special to remark in it. Fig. 6693, which from its shape may be called a sickle girder, has
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lost almost all traces of a roof truss, and in detail is constructed very much like a bow-string girder

with a top member to resist compression, and the bottom member a simple tie. The space between
the two members is occupied by bracing, which is of a light nature, and may be of the character

shown in Fig. 6693, if the ends are not hipped. In all trussed roofs the divisions of the rafter and the

distance apart of the struts must be arranged to suit the kind of covering adopted.

Strains upon Trussed Roofs, Simplest Form.—The simplest case is that represented in Fig. 6694, and
the strain upon the different members
will be ascertained and tabulated. It

is an ordinary king-roof principal, and
answers well for small spans. In the

figure the span is 20 ft., the rise 5 ft., and
the total weight upon the whole principal

is taken equal to 2 tons, so that 1 ton

will be the load distributed over one-

half of it. The same conditions will be
assumed with respect to roofs as have
been already laid down for bridges, and
it will be always considered that the component parts of the structure are strained only in the direc-

tion of their length. The component parts of all the examples of roofs which will be investigated

will be assumed to be unacted upon by any other strains except those already mentioned, and will

virtually be secured against their influence, either by their short length, bracing, or form of section.

Before proceeding to the graphical analysis of the strains upon the diagram, the first step is to

ascertain the manner in which the load is distributed. With 1 ton upon the half truss there will

be • 25 ton supported directly at A, by the reaction of the supports, and will practically exert no
effect upon any part of the principal ; 25 ton at the apex C, which is resisted by the counteraction

of 0*25 ton, due to the load upon the other half of the truss, making in all 0*5 ton at the point 0,
and 0*25 + 0*25 = 05 at the point D. As we are only considering half the principal, the load

at the apex C will be taken equal to 0*25 ton, or one-half of that which is supported at that

point by the joint action of the two rafters. The distribution therefore will be as follows ;—

A

quarter of a ton at A and O, and half a ton at D. Sometimes the whole load on one rafter is con-

sidered to be equally divided among all the points of supports, in which case there would be one-

third of a ton at A, D, and O. The former method is to be preferred as the more accurate, and it

will always be adhered to in all similar instances. Moreover, in making the assumption that the
weight is equally distributed, there is a larger portion borne directly by the support at A than upon
the former supposition ; and as this is considered to exert no strain upon the truss, it should
evidently be kept as small as possible. Let us now examine in detail the action of the weight of
tlie several points upon the rafter, and determine the strains they give rise to in the various parts
of the demi-truss.

The weight at A is resisted directly by the vertical react/^n of the wall, and consequently
produces no strain upon any part of the principal, so that we m»j pass on to that at D.

This weight of 5 ton is in the first instance supported by ihe resistance of the lower part of
the rafter A D, and that of the strut D F, causing strains of compression in both of them. Their
amount may be readily determined. Make D a by scale equal to * 5 ton ; draw a d parallel to

A D to meet the strut D F, and a d will equal the strain upon A D, and D d that upon D F. The
ätrain A D upon the rafter is transferred to the point A, where it is resisted by the action of the tie-

rod A F, and the vertical reaction of the support at A. Making A K equal to a d, and drawing
K b parallel to the tie-rod—that is, horizontal, to meet the vertical line A b—the strain upon the
tie-rod A F is equal to b K. These, however, are not the only strains brought upon the part A D
of the rafter and the tie-rod A F by the action of the weight at D, as will be apparent on proceeding
to examine into the effect of the strain D d upon the strut D F. The compressive strain D d is

transferred to the point F, where it is resisted by the bars A F and F C. Plotting F/ equal to

D d, on the prolongation of the strut D F, and drawing / c parallel to F C, the strains upon A F
and F O are represented by F / and F c. The strain upon A F may be disregarded, as it is counter-

balanced by one of an opposite tendency and equal ia amount from the weight at E, which also

brings another equal strain upon the king-rod. The total strain upon the king-rod is equal to

2 x /c, but only half of this has to be regarded as affecting the other members of the half truss.

Following the action of the strain / c, it is transferred to the point O, where it is represented by
C b. If 6 / be drawn parallel to the tie-rod A F, then C K will represent the strain upon the part

C D of the rafter. This strain is again transferred to the point of support A, thereby causing an
additional strain upon the lower part of the rafter A D, and upon the tie-rod A F. So far, therefore,

the total strain upon A D is equal to A K x K = 2 A K, and that upon A F to 2 6 K. In this

instance the separate strains upon each member of the principal are equal, but this is partly due to

the manner in which the load is distributed, the ratio between the span and rise of the roof, and
the horizontality of the tie-rod, as will be more fully perceived in checking the strains by mathe-
matical analysis. The whole action of the weight at D has now been accounted for, and it remains
to examine into that of the apex C. This, by the distribution of the load, is equal to 0*25 ton, and,

upon the scale of strains, equal to C b. Its action is therefore identical with that already con-

sidered, and it impresses upon the rafter an additional strain equal to C K upon C D and upon
A D, and consequently an additional strain equal to 6 K upon the horizontal tie-rod. Instead
of taking the last two strains separately, they might have been made equal to C h, and conse-

quently cj and hj would have represented the result upon the two parts of the rafter and tl>e tie-

rod, being each of them respectively equal to 2CK and 2 6 K. A reference to the diagram
will indicate that, the strains may be arrived at iu a somewhat different manner, by resolving the
forces as shown at B. If those be compared, with those already determined, the identity will be
established. The strains may now be tabulated as represented in Table II., and may be briefly
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summed up as follows;—Strain upon A D = + 3 A K; upon DC= + 2CK=C;'; upon A F
= — 3 b K; upon C F = — 2/c ; and upon DF = + Dd.

There is clearly some analogy in the action of the strains upon a trussed roof and those upon a
girder. In both instances they are augmentative, according to the number of separate parts or
bars in the structure, but the direction in which the increase takes place is not the same. Thus in

a horizontal girder the strain upon the flanges increases towards the centre, but in a roof they
increase towards the abutments, the lower end of the rafter having to resist the maximum strain.

A similar increase attends the strains upon the tie-rod, as will be pointed out when examples are
treated of, in which the tie-rod consists of two or more separate bars. If the rafter C 13 be con-

sidered in the light of the last, or end bar, of a lattice of a Warren girder, the total strain upon the
lower portion may be arrived at in exactly the same manner as in that case. The total reaction at

B is equal to 1 ton, but of this one quarter is directly supported by the wall, so that the portion
affecting the rafter is reduced to 0*75 ton. Making B m = 0*75 ton, and drawing mn parallel

to the tie-rod, we obtain B n, equal to the total strain upon E B, and m n equal the total pull

upon the tie-rod. It has been assumed in this investigation that there is no weight, such as a floor,

for instance, placed upon the tie-rod, but if such should be the case, it should be distributed between
the three points of support A, F, and B, and the weight added to the strain already obtained on
F O. The result will be an increase on all the strains with the exception of that upon the struts
D F and F E, In this particular description of iron structures there is very rarely any permanent
load upon the tie-rod. During the erection of the roof, and at the subsequent periods of repair, the
tie-rod is subjected to a small permanent load, consisting of the necessary scaffolding and workmen
but this is not of sufficient importance to be taken into the calculation, as the margin allowed for

safety will more than cover it.

Where there are so few parts, as in the first example we have selected in the diagram, all the
strains may be readily calculated by a few simple equations, directly the theory of their action is

understood, that is, provided their effect upon the various members of the truss can be traced from
their origin to their final resistance at the points of support. Let W represent the total weightW
upon one half of the truss, then there will be a weight of — , situated at the point D, and of

¿i

W -* W— at A and C. The strain upon the end of the rafter?resulting from the weight — , is equal to
4 2

W
ad, and by construction ad = dD. Drawing dd' parallel to the tie-rod, dd' = d' D = — and

W W
angle add* = 6. Putting a d — S = strain on A D, we have S = -

—

:
= — cosec. 0. To find° 4 sine 4

PF *>

the value of 0, we put tang. = ^=, = — = 0*5000 and = practically 26° 34'. Tracing the

W
action of the weight— , which is the vertical component of that already determined, it will be seen'

that it is transferred to the apex O, and again resolved into a thrust upon the rafter.

Summing up, therefore, we have the total strain upon the lower part of the rafter equal to these

j «. , * iw ,
w

.
w l fl

3¥x cosec.
three, and therefore S = i-j- + — + xj x cosec - e — 2 = 0*75 x cosec. 0. But

cosec. = -—-, then S = 0*75 x 2*234 = 1*67 ton, which agrees with the result given in
sine

o o

Table II. The total tensile strain or pull upon the tie is the strain which resists this thrust on the
rafter, and is consequently its horizontal component, and is represented by mn in the diagram. By
construction, the angle mnB equals the angle 0, and putting S 1 for the pull on the tie we obtain
S 1 = S x cosine 0. From above S = * 75 x cosec. ; therefore

S1 = 075 x cosec. X cosine = 0*75 x cotang. = 0*75 x2 = 1*50 ton.

Obviously the thrust upon C D equals that upon A D, minus a d, therefore equals

S —(0*25 x cosec. 0).

The strain upon the strut D F = a d, and needs no further elucidation. It only remains
therefore to calculate that upon the king-rod. This is equal to 2 / c. Let it be put equal to S2

,

and we shall have the equation S2 = 2F/ = 2Dd = 2aoix sine 0. But ad = 0*25 x cosec. 0,

therefore S2 = 2 X * 25 x cosec. x ßine = 2 x * 25 ton. This completes the calculation of
the strains upon the half truss. It must not be forgotten that a horizontal thrust is generated at
the apex C, which is resisted by one similar in amount and direction, due to the action of the load
upon the remaining half of the principal. This would be rendered apparent if the other half of the
truss were replaced by a wall. As some of our readers may not be acquainted with trigonometrical
calculations, the following equations will enable them to check some of these strains they have
determined by the aid of the diagram by simple arithmetical means. The rule for the total strain
upon the end of the rafter may be thus expressed ; the total strain upon the end of the rafter is

equal to the total weight supported by it, multiplied by the length of the rafter, and divided by the
rise of the roof. The rise of the roof is the distance from the middle part of the tie to the apex or
junction of the rafters. If P be the length of the rafter, L the half span, and K the rise, then

P2 = L2 + R2 and P = a/L^'+R2 = VÏÔÔ + 25 = 11*18.

Substituting these values in the rule, the strain upon the end of the rafter equals

075 x 11-18
= 1

..

67ton>
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as before. Since the total strain upon the tie-rod is the horizontal component of this, the rule for

it is, the total strain upon the tie-rod is equal to the total weight upon the rafter multiplied by the

half length of the tie, and divided by the rise. Consequently in the present case it is equal to

0'75 x 10 = 1*50 ton, as in Table II. Similarly to a girder, the strains upon a roof principal
5

are increased in the ratio of the span, and diminished in the inverse ratio of the rise, which is

virtually the depth, and exercises the same influence over both examples of construction.

Table II.

Weight at

Parts of the Half Truss.

AD. DC. AF. CF. DF.

A
D
C
E

Total

+0-55
+0-55
+0-55

+ 0-55

+Ó55

-0-50
-0-50
-0-50

-0-25

— 0*25

-f-0-55

+ 1°65 + 1-10 -1-50 -©•50 + 0-55

Single Roof Truss with Diagonal Bracing.—It has been already mentioned that the tie-rod of

a roof truss is usually placed in an inclined position. Before proceeding to analyze an example
of that description, we will investigate the one illustrated in Fig. 6G95, in which the span, rise,

and rate of loading are identical with those adopted in

the example on p. 2811. The difference consists in the

manner in which the bracing is arranged, and the two
examples should be carefully studied and compared
together, so that an accurate estimate may be formed
of their relative advantages. In the diagram, Fig. 6695,

the struts approach nearer to a perpendicular position

with respect to the rafter, while the tie or queen-rods

are no longer vertical, but inclined at different angles

to the horizontal. This description of bracing, allow-

ing for the varying angles of inclination, is similar to

that of a Warren truss or girder, and it is preferable

to the older form represented in Fig. 6689. The
majority of the struts in the latter instance are shorter than the corresponding ones in the
former figure, and are consequently not strained to quite the same amount. This difference

would be shown more conclusively if, instead of the unit weight selected for the purpose, the
actual weight likely to be placed upon a roof of the given dimensions had been adopted. The
former, however, possesses the advantage of acting as a standard for all similarly trussed roofs of
the same span and rise, since, to find the actual strains upon the various parts, it is sufficient to

multiply the strains given in Table3 I. and II. by the proper constant, or the number representing the
ratio between the unit adopted aud the load in question. In the present example the strains are
divided into two classes, under the heads of direct and transmitted strains. So that it will be
perceived how the action of the samo weight is multiplied, again and again, by the different parts of
the bracing. It is of very little use to be acquainted with the total strain on any particular bar,

unless the designer of a structure is capable of analyzing that strain, dividing, and, as it were,
dissecting it into every one of its component parts. Mathematical formulae, wherever they are
applicable, suffice for calculating the total amount of any strain, but they do not afford the slightest

clue to the manner in which it has been gradually and successively accumulated. They give, it is

true, the result of a load, but impart no information respecting its intermediate action. As an
instance, take the formula for the strain upon the last bar of a Warren girder, where S equals the
strain, W the total load, and 9 tho angle of inclination of the bars to the horizon. The calculation

TV x cosec. 9
•is at once made by the equation S = — ; but the equation affords not the slightest

information respecting the manner in which the successive strains are obtained, until they reach
the total represented by S„

The direct strains result from the action of those portions of the total load situated at the points
B, C, D, E, and F, and affect the several bars of the rafter and the inclined struts attached to them.
It will not be necessary to do more than to indicate briefly the effect of the strains, represented by
the lines of the diagram, as the principles of the analysis and the geometrical reasoning have
already been enunciated. Moreover, Table III. has been constructed to show at a glance tho
direct strains resulting from the weights placed at tho different apices of the triangles. The distri-

bution of the load will be the same as before ; therefore, making the vertical lines B a, C d, De, E/,
respectively equal to " 2 ton, the direct strains upon the rafter and struts are given by the other
sides of the triangles, and will be found to agree with those in Table III.

At the apex F the weight is only half that situated at the lower apices; so that F/ = 0*1, and
F k equals the strain upon the part of the rafter E F, and is also added to those already obtained
for the other parts. It might, perhaps, be considered that the addition of the strain upon B C, or
upon any other bar of the rafter to that upon A B, should be regarded as a transmitted strain, and
not a direct one. So it would, were the direction of the strain altered, but it is not. Both the direc-

tion and nature of the strain remain constant, and, moreover, A B, B C, and, in fact, all the separate



2814 EOOFS.

bars of the rafter A F, are in reality but one bar, although theoretically subdivided. This is clearly

not the case with the strain induced upon the bar H C by the action of the weight at B. The com-
pressive strain in the strut B H is changed both in direction and character when transmitted to the

bar H C or A H ; but the strain upon the bar B C from the weight at C undergoes no change of any
kind in amount, character, or direction in passing to the bar A B. It is a simple addition, and so

for the other strains transferred from C D, D E, and E F. .

Table III.

Parts of the Half Truss.

AB
BO
CD
DE
EF
BH
CJ
DK
EL

Direct Weights at

+0-165

+0*200

c.

+
+

+0

0975
0975

185

D. E.

+0*0675
+ 0-0675
+0-0675

+0*182

+ 0-055
+0-055
+ 0-055
+0-055

+ 0*185

F.

+ 0*245

+ 0-245
+0-245
+ 0-245

+ 0-245

Total Strains

+
+
+
+
+
+
+
+o
+

630 \

465
367 Eafter.

Struts.

There is no readier method of ascertaining the strains in Table III., than that demonstrated
in the diagram. In consequence of the inclination of the bars and their deviation from the

vertical, the trigonometrical calculation of the thrusts, or compressive strains upon the different

parts of the rafter and struts, is not capable of being so easily effected as in the former instance,

where the queen-rods were perpendicular, nor is there any advantage to be gained in resorting

to that method. The manner in which the half truss is affected by the transmitted strains is

represented in Table IV. By the aid of the diagram there will be no difficulty in following the

analysis, and there is no point calling for especial notice, with perhaps the exception of the strain

upon the centre bar L M of the horizontal tie-rod. This is found equal to — 1 • 069. It is evident,

on inspection, that the bar L M is not in any way affected by the strains upon the intermediate

struts and ties, forming the component parts of the truss. The strain upon it is exactly the same
as if they were all removed, and the truss consisted simply of a rafter A F and the half tie-rod

A M. The total load will then be supported at the two points A and F, half at each point. Make
A N equal to this load equal to * 5 ton, and draw N B parallel to A M. The line N B will scale

1 • 069, and will represent the strain upon the bar A M, or L M. Whatever form of truss may be
adopted, or whatever may be the number of the secondary or subsidiary trusses, the strain upon the

centre bar of a horizontal tie-rod will be that due solely to the loading upon the primary truss, and
will be altogether unaffected by the introduction of smaller secondary trusses and bracing. This
will be better seen in the example of a roof with an inclined tie, as will also several other condi-

tions of strain, which are not so apparent in the simple instance in Fig. 6695. The direct and
transmitted strains may now be summed up, and tabulated as shown in Table V.

The sum of the two descriptions of strains represents the total strains resulting from the whole
weight of the truss. The strains upon the ends of the rafter and the tie-rods, that is, upon the
bars A B and A H, may be checked by plotting the total reaction of the load at the abutment and
completing the triangle of forces.

Make A P equal the reaction, draw P P 1 parallel to the horizontal tie, and AP 1 and P P1 will

give the measure of the strains upon A B and A H to the same scale. Or the same results may
be obtained by the formula already given, which, however, it must be remembered, only applies to

those examples in which the tie-rod is uniformly horizontal. Let S and S 1 equal respectively the

strains upon the ends of the rafter and tie-rod, or upon the bars A B and A H. Putting 6 for the
angle of inclination F A M, and W for the total weight upon the half roof, then S = W x cosec.

and S 1 = W x cot. and S = 2*124, and S 1 = 1-929, which agree with the strains found by
summation in Table V. Similarly the strain upon the bar L M of the tie-rod may be found by
calculation.

The natural cotangent of 25 degrees being 2*144, the strain required equals 2*144 x 0*5
= 1*07 ton. The member which has the greatest influence upon the strains upon a roof is the tie-

rod. Directly this becomes inclined from the horizontal, it modifies the amount of the strains in

all the component parts of the truss, and it is no longer possible to check the sums of the strains

upon the ends of the rafter and the tie-rod by the same simple methods already adopted. This
follows from the fact, that if the portion of the tie-rod situated next to the rafter be inclined

upwards from the horizontal, while the central portion remains horizontal, there are no longer

three forces making equilibrium at the abutment, but foar.
One operation is therefore not sufficient to resolve the strains upon all the bars affected by the

vertical reaction at that point. It must not be assumed that the process of analysis which answers
for a simple example, is also applicable to others of a more complicated and scientific form.

In the practical designing of roofs, if they be thoroughly well secured by wind-ties and bracing
from the sudden action of violent strains, the material may be taxed a little more than in the case
of a bridge. So far as the parts in tension are concerned, it might be safe to increase the
stereotyped 5 tons to 6 tons an inch of sectional area, but it would scarcely be prudent to adopt
the same course with the parts in compression. The struts constitute the weak part of a roof truss,

and there is, moreover, this important difference between it and a lattice bridge—the failure of one
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bar in the former would be certain to seriously jeopardize, and probably destroy, the security of

the others. This contingency is a well-known and a well-founded objection against the employ-

ment of the "Warren girder for any except limited spans, whereas the fracture of one of the bars

in the web of a lattice girder would affect that bar only.

Table IV.

Parts of the Half Teuss.

Weights at AB. BC. CD. DE. EF. AH. H J. JK. KL.

+ 0-120 + 0-120 + 0-050 + 0-032 + 0-095 -0-210 -0-067 -0-030 -0-020
+ 0-050 + 0-050 + 0-032 + 0-095 .

.

-0 067 -0-030 -0-020 -0-073
B .. .. + 0-032 + 0-032 + 0-095 • • a .

-0' 030 -0-020 -0-073
+0-095 + 0-095 * • « . . , -o- 020 -0-073

• » -0 073
* +0-115 + 0-115 +0-115 +0-060 +0-200 -0 143 -0-143 -0-070 -0-037

C .. ..
+ 0-060 + 0-060 + 0-060 + 0-200 .

,

-0 070 -0-070 -0-037 -0-160
+ 0-200 + 0-200 +0-200 • • .

,

-0 037 -0-037 -0-160
,

,

.

,

# , , # , -0 160 -0-160

I
+0-087 + 0-087 +0-087 +0-087 +0-305 -0 120 -0-120 -0-120 -0-073

D .. ..{ +0-305 + 0-305 +0-305 +0-305 ,

.

-0 075 -0-073 -0-073 -0-273

(
, , .

,

.

,

. . a , -0 275 -0-273 -0-273

. .. ..{
+0-425 +0-425 + 0-425 + 0-425 +0-425 -0 090 -0-090 -0-090 -0-090

.

.

. . , . » -0 340 -0-340 -0-340 -0-340
F .. .. • • " • • • • * • -0-223 -0-223 -0-223 -0-223

Total .. + 1-499 + 1-499 +1-379 + 1-329 +1-297 -1-929 -1-719 -1-509 -1-289

Weights at LM. BH. CJ. DK. EL. HC. JD. KE. LF.

B .. ..

C .. ..

D .. a.

E a. a.

F .. ..

-0-073
-0-160
-0-273
-0-340
-0*223

# • +Q-087

• •

+0-050
+0-120

• •

+0-048
+0-075
+0-148

• •

-0-150 -0-070
-0-170

* •

-0-048
-0-100
-0-180

* •

-0-037
-0-075
-0-147
-0-187

Total .. -1-069 • • +0-087 +0-170 +0-271 -0-150 -0-240 -0-338 -0-446

Table V.

Parts of the Half Trass.

AB
BO
CD
DE
EF
AH
HJ
JK
KL
LM
BH
CJ
DK
EL
HC
JD
KE
LF

Direct Strains.

+ 0-630

+ 0-465

+ 0-367

+ 0-300

+ 0-245

+ 0-200

+ 0-185
+0-182
+0-185

Transmitted
Strains.

+ 1-499

+ 1-499

+ 1-379

+ 1-329

+ 1-297
-1-929
-1-719
-1-509
-1-289
-1-069

+ 0'-087

+ 0-170

+ 0-271
-0-150
-0-240
-0-338
-0-446

Total Strains.

+ 2

+ 1

+ 1

+ 1

+ 1

-1
-1
-1
-1
-1
+
+
+
+
-0
-0
-0
-0

•129

•964
•746

•629

•542

•929

•719

•509
•289
•069

•200

•272

•352

•456

•150
•240

•338

•446

Eafters.

Tie-rod.

Struts.

Ties or

queen-rods.

Double Truss, with Inclined Tie-rods.—The tie-rod of a roof has hitherto been regarded as

occupying a horizontal position, from the extremity of one rafter to that of the other, and a truss of

this description answers well enough for spans of limited dimensions, and also in instances where tbo

engineer is not troubled about the question of headway. Frequently this is the very question ho
has to deal with. To increase the headway, the obvious plan is to raise the tie-rod. But since tho

strength of any single truss or girder is directly as the depth, the raising of tho tie-rod diminishes

the depth, and therefore the strength of the truss ; or. what amounts to the same, the strain upon

the various members of the roof is increased. But this is of comparatively little consequence with

other and more important considerations. There are certain given conditions which must be
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fulfilled, no matter what the strain may be, and the engineer has only to make the best of them
under the circumstances. Supposing therefore that it is necessary to employ a description of

truss, with the tie-rod raised above the level of the extremities of the rafters, there are some points

of difference existing between the two types which demand notice. A more correct distinction

might be made, by calling one the single, and the other the double truss system, as a reference to

Fig. 6696 will indicate. The whole roof represented in the diagram consists of two separato

trusses A D C, B D 0, which are united at the apex 0, and held together

by the horizontal tie-rod D D. In the diagram, the parts in compression C6i)6 -

are shown by the thick, and those in tension by the thin lines. The
only point of identity that exists between the double and the single

trussed roof, is in the king-rod E, which has no strain whatever

on it provided two conditions are fulfilled. These are that the por-

tion cf the tie-rod which is connected with it should be horizontal,

and not sufficiently long to be liable to sag from its own weight. It might be imagined that, as
the horizontal tie-rod D D prevents the feet of the separate rafters from being thrust outwards, it

virtually has a strain upon it equal to the horizontal thrust ; but such is not the case, and the error

must be carefully guarded against. If the tie-rod D D were directly attached to the extremities
of each individual rafter, it would then- be in the position of that belonging to the single truss

system, and the pull upon the portion of it next to the rafter would equal the horizontal thrust of
the roof. But in the present, instance the pull upon it, due to the thrust of the rafter, can only be
transferred to it through the medium of the inclined tie A D, which consequently alters both the
direction and amount of the original strain. The strains upon the trusses themselves are depen-
dent both upon the pitch of the rafter and the angles F A D, F B D, of the inclined tie-rods,

supposing span and load to be the same. Botli these are also dependent upon the absolute pitch
of the roof, that is, the angle CAB. There is a particular value for this angle, which causes the
strain upon the bar A D to be exactly double that on D 0. The advantage of this in practice is

obvious, as it simplifies the number of independent parts ; since, whatever may be the scantling of
D C, it is only necessary to use two bars instead of one to obtain the requisite quantity of material
in A D.

The reduction of the component parts of a structure to as few dissimilar pieces as possible,

is a consideration the importance of which cannot be over-estimated.

Before proceeding to analyze by diagram the nature and amount of the strains upon the double-

trussed roof represented in Fig. 6696, a few of them may be ascertained by calculation, and will thus
serve as a check upon the other method.

Put S for the span, R for the rise or depth of truss from C to E, L for the length of the rafters,

W for the total load in tons upon the whole principal, and for the angle of the pitch of the roof.

W
The distribution of the load on the half truss in reference to Fig. 6696 will be —, at the point

W WW
F, and — at A and C. The total weight at the apex C will be —-, but— is all that concerns the

8
ox

4 8

strains upon one half of the truss. To find the strain first on the strut F D, put S for the strain,

W
and it becomes S = — x cos. 0. If we take W = 2 tons, which makes the load on the half truss

4
equal to unity, and = 26 deg., we have S = 0*449 ton. To determine the strains upon the dif-

ferent parts of the rafter, make the angle FAD = 0'
; both these angles and 0' can be readily cal-

culated, as the one is a function of the rise and span of the roof, and the other of the length of the
rafter and the length of the strut F D, which is known by construction.

Altogether there are three strains brought upon the rafter A C, which affect the portion A F,
and two which affect F 0. Calling these 8, , S2 , and S3 respectively, we have their respective values.

W . « « w n n ,
W sine 90 + (0 - 0')

S, = — x tang. ; S2 = -x cos. X cot. ; arid S3 = —- x ; >-. -•
4

° z
4

3
8 sine 0'

The part of the rafter F C is obviously not directly affected by the weight at F, which produces
the strain S! ; therefore the strain upon F C will be equal to

,a . « x W n , ., , W sine f 90 + (0 - 0')
}

(Sa + S3) = - x cos. X cot. 0' + — x —r-^ — »

4 8 . sine

and that upon

A F = (S, + S, + 80 = ? (tang. + co, x cot. 0') +|x^-^ +- <'=& .

± o sine o

The formula may be put in another form, for let (S, + S2 + S 3) = M, then

WM = —-; x f (2 sine 0' tang. + cos. cot. 0') + sine { 90 4- (0-0') } •

8 sine l

Substituting in this equation the correct values for the quantities we obtain

M = L__ x {
(0-516 (0-487 + 3'349) 4- 0-981) } = 2 86 tons.

4 x 0-258 '

The strain upon F O can be obtained either from the formula given above, or more simply by sub-
tracting from the last. Calling it N, we have N = (M-S 1

), = (2 -86 - 0-243) = 2 -617 tons. A
comparison should be made between these results and those obtained for the strains upon the rafter,

when the tie-rod is horizontal, in order to trace the manner in which the inclination of the ties affects

them. The angle 0' becomes an element in the calculation, and assists in complicating it. We may
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now ascertain the strains upon the inclined tie-rods, AD and D C. There will be only one upon
D C, due to the direct action of the weight at F which will produce equal strains upon A D and

D C. These may each be calculated from the formula S4 = —¡
-1— = —- . = 0*87 ton.J sine 2 0' 2 sme 0'

As this strain is transferred to the apex C, it is multiplied again on the rafter and the tie A D,
which also receives an additional strain from the weight duectly superimposed at C. There-

yy cos Ô
fore the total strain upon AD is equal to 2 S4 4- S5,

but S5 is equal to — x
'

, , and may

S x cos. 0' W
be easily shown to be equal to S4 . For S4 = ^^a0a , — ~r x cos

8 " sine 0'
'

cos. 0'

..9x -v " „, . Substituting
sine 2 4 sine 2 0' °

for the expression sine 2 0' its equivalent 2 sine 0' cos. 0', the identity between the two equations is

established, and the total strain upon A D becomes equal to 2*61 tons. But there is another strain

upon D C due to a part of the strain upon A D. Let the portion of the strain upon AD equal S6 ,

that affects D C and D E. Then the additional strain upon D O will be given by the formula

S, = S8 x
6ine(*- e'>

sine (0 4- 0')

Thus making the total strain upon the tie D C equal to 1*37 ton.

strain upon D E, which is found from the equation

SR =
S 7 x sine 2 0'

or S« =
0-50 x sine 30°

It only remains now to find the

= 1-31 ton.
sine (0-0')

°
sine 11°

These calculations will be found to check sufficiently closely with those arrived at by the other

methods, represented in Fig. 6697, to prove the accuracy of the results for all practical purposes.

The strain upon D E is the same as that of the horizontal thrust, modified by the action of the tie-

rod A D, for D E might be replaced by an abutment or buttress at the points A and B, without
altering the conditions of equilibrium existing in the roof.

Table VI.

Tarts of Truss.

AF
FO
FD
AD
DO
DI

Weight at

F. c.

Total Strains.

i+o
1+1
+1
+o
-1
-0
-0

225\
700/
700
450
750
875
670

+ 0-950

4-0-950

-0V875
-0-500
-0-670

+ 2

+ 2

+
-2
-1
-1

875

650
450
625
375
340

Eemarks.

Bafter.

Strut.

Ties.

Tie-rod.

The diagram in Fig. 6697 shows the lines necessary to obtain the strains upon the different parts

of the truss, and in Table VI. results are given so that they may be compared with those already

obtained by calculation. In the diagram there are two methods demonstrated, one showing the

actual transference of the separate strains, and the other total strains upon the different members
of the truss. According to the distribution of load which is adopted, the total load upon the half

principal being 1 ton, the load upon point F is 0*5 ton, and at A and C 0*25 ton respectively.

The lines which indicate corresponding strains, are distinguished in the two methods as far as

possible by the same letters, with the addition of dotting those belonging to the outside diagram of

strains. Any line parallel to any given bar is a measure of the strain, or a part of the strain, upon
it. The difference between the two methods is that the one, or successive method, gives the
separate strains brought by each weight upon the different parts of the truss, while the other

method does not. Take, for instance, the strain upon the two parts of the rafter A F, F C. By the
former method the strain upon A F is ascertained by measuring the lines a 6, / C, and h C, and that

upon F C by /C and h C. By the latter the strain uponA F is equal to A C + A F, but the strain

upon F C is equal to A C + 6' F, the exact reason for which does not appear, as the manner in

which the strains act is not investigated throughout. It is not the result alone that must be con-

sidered, but the means by which that result is obtained.

6697. D'
CG^iS

It is the preliminary steps which are the most important, and the very points which require
accurate elucidation. In Fig. 6698 the same truss is shown with the strains indicated by the lines

8 R
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bearing the same letters as in Fig. 6697, and the diagram is drawn in accordance with the method
known as the polygon of forces. While the results are perfectly accurate, the method fails, like the

other, to trace the action of the strains, and can therefore supply no information, except to those

who have already mastered the whole subject. A comparison of these two diagrams will point

out that they agree not only in the total, but in the separate strains, much more closely than

might be imagined. For example, the total strain upon the tie-rod AD is equal in Fig. 6697 to

cd + fc + h g = Sed.
On referring to Fig. 6698 it will be seen that these separate strains are correspondingly repre-

sented by the three subdivisions of the line A D.
Similarly for the strains upon D C, which are equal in Fig. 6697 to D d + K I, and in Fig. 6698

the subdivisions of the line D C. An examination of the method of the polygon of forces will

demonstrate that it is in every way superior to the reaction method, as may be termed that shown
by the dotted lines outside the truss in Fig. 6697. It is infinitely more elegant, and marks the sub-

divisions of the strains better. It is, like the other methods, always used in combination with the
elevation of the truss, from which the direction of the lifferent bars has to be obtained. Table VI.
shows the total and separate strains upon the various parts of the truss. The line A C in Fig. 6698
represents the total reaction at the abutment, and the polygon of forces can thus be readily applied

to the actual diagram of the roof. Make Ac, in Fig. 6697, equal 0*75 ton, equal the reaction at

A; draw en parallel to A D to meet the rafter; from the point m, in the line Ac, in which cm =
the weight supported at A = 25 ton ; draw m G parallel to the rafter to meet n G-, drawn parallel

to the strut, and complete the diagram.
The junction of the various lines in this diagram will point out the manner in which each bar

affects the other, although the relation is not so plainly exhibited as by working out the successive

strains upon the actual truss itself. If the method of ascertaining the strains be worked out by two
different diagrams, it will obviate the necessity for checking their accuracy by trigonometrical

calculations, although it will be more satisfactory to check the totals by an altogether independent
process, than to employ two, which, although varying in detail, depend upon one and the same
principle.

Double Truss, with Two Struts.—When the span of a roof exceeds the limit of about 35 or 40 ft.,

the simple design already illustrated requires to be somewhat modified. It has been before

remarked that the introduction of struts in a braced truss or framework is for the purpose of
nullifying the transverse strain, that would otherwise be induced upon the members of the truss.

Referring to Fig. 6699, it is clear that when the length of the rafter reaches a certain limit, one strut

in the centre, as was shown in Fig. 6697, would not be sufficient to prevent the two halves of the

rafter into which it divided it from being affected by transverse strain. Consequently it becomes
necessary to use a couple of struts, and divide the whole rafter into three parts. An excellent roof

of the form shown in Fig. 6699 may be constructed for spans not exceeding 60 ft. When the
dimensions are greater, a different and more complicated description of truss must be used, and for

very large spans, the circular or segmental form is the best adapted. In tracing the action of the

strains in the diagram in Fig. 6699, the process will be very analogous to that already described for

the example in Fig. 6697, making due allowance for the action of the two struts instead of a single

one. The distribution of the load will vary, in every instance, according to the number of points

at which the rafter is supported, that is, in proportion to the number of struts introduced into the

system of trussing.

6700.

Distinction between Struts and Ties.—In order to determine which bars are struts and which are
ties in any form of truss, when the strain acts upon them in a given direction, let A and B, in
Fig. 6700, be two bars meeting at an apex. If the strain act in the direction of the arrow E,
they will both be struts, and if in that of arrow F, they will both be ties. Should the force
be in the direction of the arrow G-, the bar A will be a strut, and B a tie, but if in the direction of
H, the bar A will be a tie, and B a strut. The rule may be laid down in words as follows :

—

If the force or strain acts in any direction within the angle formed by the two bars, they are both
struts; but if it acts in the direction of. and within, the angle formed by their prolongation, they
are both ties. Again, if the strain acts within the angle formed by the original direction of one
of the bars, and of ino prolongation of the other, then Í tie bar whose prolongation forms one of the
sides of the angle is a tie, and the other a strut. To apply this to the truss in the diagram, let the
bars m Fig. 6701 be represented by the same letters as in Fig. 6699, and their prolongations
"Kfccftted by the dotted lines and correspondíng dotted letters. First, let us ascertain how the barsA E and D E are affected by the strain upon the strut B E. Produce B E to B\ The line E B'
represents the direction of the force which lies within the angle A' ED', that is, the angle formed
by the prolongation of the bars A E and DE. Both these bars are therefore ties. If we now
take the bars D E and E F, the direction of the strain lies within the angle E" E D', that is, within
the angle formed by the direction of one of the bars, and the prolongation of the other, so that
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D E is in tension and E F in compression. Bnt as E F is not intended to act as a strut, it under'

goes no strain from the direct weight at B, as Table VI. will show.

6702.

6706. 6707.

Ex'TrripJes of Eoof Ti-usses.—
In Figs. 6702 to 6711 are re-

presented the elevation and de-

tails of the City Terminus rcof

of the South-Eastern Kailway,
at Cannon Street, London. The
span in the clear is 187 ft., the
depth of the truss at the centre

is about one-sixth of the span. The truss is of the form
shown in Fig. 6693, very similar to the one erected at the

other terminus of the same railway at Charing Cross. The
rib, which has a total depth of 1 ft. 10 in., shown in Figs.

6703, 6701, and 6706, is of the plate type, and consists of

an upper and lower flange, composed of one plate and a
pair of angle irons each, together with a web § in. in thick-

ness. A section of the purlin is shown in Fig. 6707, and the
manner in which it is connected with the main rib in Fig.

6706. Figs. 6703 to 6705 show the coupling of the struts and
ties forming the bracine to the rib and to the tie-rod. Figr.

6712 is a section of the strut, which is in two pieces bolted

together, but kept apart by a cast-iron distance piece as in

Fig. 6701. The details of the connection of the purlins and
of the slating and glazing are represented in Figs. 6708,
6709. The top of the louvre standards and sash-bars, which
are of "[" iron, are shown in Fig. 6710. Fig. 6711 represents
the purlin and its attachment to the louvre rail. The out-

side radius of the main rib is 108 ft. 3|- in. Figs. 6713 to 6728

6710.

6703. 6704.

6705.

6711.

6713.

show another example of a truss well adapted for railway station roofs, which is erected overthe Broad
Street station of the North London Bailway. The section of the rib. Fig. 6714, is rather peculiar

8 b 2
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It consists of four angle irons with a web-plate, the lower part of which projects below the lowei

angle irons. Figs. 6714 to 6717 are the details of the cast-iron shoe, and the method of connecting the

6714. 6718. 6719.

StccumiCD

6720.

6716.

6715 6717.

dSQÖQj^S
6723.

6725.

foot of the principal and the tie-rod. Wronght-iron cheeks are bolted on to the ends of the principal

rafters, Fig. 6716, in which figure DD are wrought-iron dowels. The junction of the rods with the

principal is made as in Figs. 6718 to 6720. A longitudinal elevation of one bay of the roof is

given in Fig. 6725, and Figs. 6721, 6722, show the elevation and section of the wrought-iron

lattice girder used as the purlins. Fig. 6726 gives the details of the gutter; Figs. 6727, 6728, those
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of the curved lattice girder, shown in Fig. 6725. The roof ia carried on cast-iron columns, Fig.

6724, and has a very light and elegant appearance.

Wind Pressure.—One diagram will suffice to show the general method of ascertaining the

pressure of the wind, and the example selected is a truss of the form in Fig. 6697.

With a nominal pressure on one rafter of 20 lbs. a square foot, the total load will be 5 '3 tons,

or 2 "65 tons on each bay, giving for the loads at the joints of the rafter, considered as continuous,

at 1, l'O ton, at 2, 3*3 tons ; at 4, 1*0 ton. Kesolving these parallel forces at 1 and 7, the reaction

at 1 is 3 • 6 tons, and at 7 is 1 * 7 ton. In Fig. 6729 these quantities have been set off on the line of

loads, and the diagram of stress has been drawn.
Books on the subject ;—Kondelet (J.), ' L'Art de Batir,' 6 vols. 4to, Paris, 1805-51. Fairbairn

(Sir W.), ' Useful Information for Engineers,' Third Series, crown 8vo, 1866. Unwin (W. C>,
•Iron Bridges and Roofs,' 8vo, 1869. Tredgold's 'Carpentry,' by Hurst, crown 8vo, 1871. IJe

Volson Wood ' On the Besistance of Materials,' New York, 1871. Stoney (B. B.), ' The Theory of

Strains,' royal 8vo, 1873. Matheson (E.), ' Works in Iron : Bridge and Roof Structures,' rovai 8vo,

1873. Cargill (T.), ' Strains upon Bridge Girders and Roof Trusses,' 8vo, 1873. Bow (R. H.),

'Economics of Construction in Relation to Framed Structures,' 8vo, 1873. See also various papers

in the ' Minutes of the Proceedings of the Institution of Civil Engineers,' and the ' Transactions of

the Society of Engineers.'

ROPE-MAKING MACHINE. Gee., Maschine zur Verfertigung der Seile ; Ital., Macchina da

corde ; Span., Maquinaria para hacer cuerdas.

Ropes are mainly constructed either of the fibres of the hemp plant, or of iron wire. Other vege-

table «lbstances and other metal wires are also used; but in the present article only the two
important manufactures of hemp rope and iron-wire rope are referred to ; and as the treatment of

the hemp fibres and the manufacture of them into rope is quite different from the formation of iron-

wire rope, the subject naturally divides itself into two branches.

Hemp Rope.—Of the other substances besides hemp which have been found useful and profitable

for rope making, the most important are

—

manilla, the fibres of which are obtained from the Lark
of a wild specieB of banana grown in the Philippine Islands, manufactured into a rope commonly
known as white rope ; jute, grown in Bengal, the fibres of which are used for adulterating hemp ;

cocoanut fibre, for inferior ropes ; Indian hemp, or sunn ; and Spanish grass, or esparto. Of these,

manilla is the most common substitute for hemp. The machinery employed for manufacturing any
one of these several fibres into rope is similar, with slight modifications, to that employed for

hemp.
The hemp plant from which the fibre is derived is treated by retting and scutching, in a similar

manner to flax, and the hemp thus prepared is packed in bales, each bale of Italian hemp, jute, or

manilla, weighing about 2J cwt.

Chas. P. B. Shelley, in a paper read before the Inst. M. E., 1862, and from which the informa-

tion in this article is largely derived, states that, in order to form the strongest rope out of a
given quantity of material, whether hemp fibres or metallic wire, the fibres should be laid parallel

alongside one another and secured at the ends, so that they may take any tensile strain put upon
them iu the direction of their length ; the strength of such a rope will be equal to the strength of

eaoh. fibre multiplied by the number of fibres in the section. Hemp fibres rarely exceed 4 ft. in

length, so that the above method ot making a rope exceeding 4 ft. in length will not apply to that

material. In order therefore that the fibres may be securely and continuously connected together,

they must be placed parallel to one another with the end of one fibre overlapping the end of its

neighbour ; and to prevent the fibres slipping from one another, friction is produced amongst them
by twisting ; but as the strength of the fibres is diminished when they are twisted out of the direc-

tion of the tensile strain which they are to sustain, no more twist should be given than is necessary
to impart sufficient friction to prevent them from slipping and parting endways. It must be
remembered that fibres of hemp, like metallic wires, have not the property of felting or uniting
into one length by a kind of entanglement or matting together, in the manner common to the fibres

of wool and other materials used in spinning. If a bundle of parallel fibres is twisted, those on the
outer surface will be stretched and strained considerably more than those near the centre ; and
the farther they are from the centre the more they will bo strained. Hence in constructing cordage
it is necessary to form or build it up gradually from small bundles.

When the fibres are laid parallel and in continuous juxtaposition, they are said to form a sliver ;

and the sliver when twisted is said to be converted into a thread or yarn ; and a number of yarns
laid parallel and in juxtaposition, bound round by an external serving of yarn to hold them
together, forms selvagee, which is the simplest construction of rope. If each of the yarns in the
selvagee bore its fair share of strain, this would be the strongest kind of rope ; but the objection to

its more frequent use is that the outside serving of yarn frets away, and allows water to enter and
rot the yarns inside. In order to overcome the objections to selvagee, ropes are mads of strands,

each strand consisting of a number of yarns twisted together, the strands being again twisted into

the rope ; the class of rope depends upon the number of strands and their arrangement. The yarn
is twisted in the process of manufacture by a motion to the left from the right, or contrary to the

motion of the hands of a watch, producing what is termed in rope-making a left-handed twist,

being a spiral corresponding to the thread of a right-handed screw. The twist of each strand is in

the opposite direction to that of the yarns composing it ; and the twist of the rope itself is agaiu
in the opposite direction to that of the strands, or in the same direction as that of the yarns.

Ropes are commonly divided into three classes, known as hawser-laid, shroud-laid, and cable-

laid ropes. Hawser-laid ropes are composed of three strands twisted together : the number of yarns
for each strand in different sizes of hawser-laid ropes is dependent on the diameter or number of

thread of the yarn. Shroud-laid ropes are composed of four strands. Cable-laid ropes are com-
posed of three hawser-laid ropes twisted together. Cablets are small cable-laid ropes measuring
from 1 to 10 in. iu girth ; larger sizes are termed cables. Shroud and hawser laid ropes seldom
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exceed 10 in. in girth. A core or heart is used in shroud-laid ropes ; it is made of rope, and is

placed in the centre of the strands, running from end to end of the rope with the strands laid round

it. In old worn-out ropes the core is always found to be broken in consequence of the stretching of

the strands ; for the strands being twisted spirally, and the core straight, the strands will give

more under a load than the core, which cannot therefore be relied upon for adding strength to the

rope : but it assists materially in keeping the strands in position during the manufacture of the

rope by hand. Flat hempen ropes are made of four or six ropes, each composed of three strands,

and laid alternately to the right and to the left; these are stretched side by side and sewn through
in a zigzag direction.

Before the hemp is spun into yarn it has to be freed from dust and hard knots, and the fibres

combed, so that they may be separate and parallel to one another. This process is called heckling,

and is done either by machinery or by manual labour ; the machinery for the purpose is similar to

that used in the preparation of flax.

The next process which the fibres undergo is that of spinning into yarns. Hand-spinning is

done on a long strip of ground called the rope-walk, which is generally covered by a low roof ;

sometimes the shed has an upper floor with a low roof, and then the spinning is done on the upper
floor, and the other parts of the manufacture on the ground. The length of the walk and shed is

about 1230 ft., or a little over 200 fathoms, and the width about 30 ft. The tie-beams of the roof

are placed every 30 ft. or 5 fathoms apart, and carry a row of hooks on the under side.

The hand-spinning machine, Figs. 6730, 6731, is formed of two cast-iron frames with a band-
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wheel A between them, driven either by a man at the winch-handle 6732.

at the back, or by steam power. A band passing round the wheel
passes over twelve wood rollers or whirls B, 1| in. diameter, as
shown enlarged in Fig. 6732, fixed on steel spindles about f in.

diameter, which revolve in notches or bearings in the brass discs O
screwed in the frames of the machine ; the spindles are kept in their

bearings by a ribbon of wrought iron screwed upon the outside of the
frame. On the back end of the spindle is a shoulder, and between
this and the brass disc is a loose collar to take the pull of the yarns
in spinning ; the spindle is kept in by a finger D fixed on the back
of the frame. The front end of the spindle is drawn out into a
hook E. The notches in the brasses C, shown enlarged in Fig. 6733,
are for the purpose of forming fresh bearings for the spindles ; there
are eight notches in each brass, and when one notch is'worn down
the brass is turned to bring another notch round ; when the whole
oi tint notches are worn down a new brass is put in. The twelve hooks and whirls are set upon the
semicircular upper part of the machine, and are made to revolve by tho band which passes over
them from the driving wheel A.

Each spinner before beginning to spin takes up a bundle of hemp sufficient in quantity to spin

BrassBeaww.

6733.
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one thread of yarn of the required length ; he places the bight or middle of the length of the fibres

in front of him, and turns the ends round his waist, crossing them behind. If the shorts are i

worked into the yarn they are tucked below the bight. Each spinner carries in his right hand a
piece of stout list. There are twelve spinners to each machine, one to each hook. The spinner
draws from the bight or front of the bundle round his waist a sufficient quantity of fibres tor the
size of the yarn or thread about to be spun, thus forming a sliver, which he twists with his fir 2

and hooks the bight of the sliver on to one of the revolving hooks of the machine. He then walks
backwards towards the bottom of the rope-walk, drawing the hemp from his waist and forming a
sliver with his left hand, pulling some of the fibres back if they come forward too quickly
drawing some forward if there are not enough to keep up the require )f yarn. The sliver

passes through his right hand, with which by means of the piece of list he firmly grips it. so as to

form the yarn. The spinner thus prepares the sliver and forms the yarn, while the machine gives
it the twist. Care must be taken not to place the ends of one set of fibres too near to the en i

the next set, not giving them sufficient lap, otherwise the yarn will part by the fibres elipping end-
ways from one another ; and also to keep the fibres even and regular in thickness, in order that the
yarn may be of equal strength throughout. The spinner's pace in walking backwards must be
uniform and in accordance with the speed of the revolving whirls. The speed of the whirls and
the amount of twist of the yarn is dependent upon the quality of the rope to be manufactured.

The twelve spinners are divided into three sets of four each ; four risers, four middlemen, and
four leaders. The four risers work from the four hook3 on the left side of the machine, the four
middlemen from the four middle hooks, and the four leaders from the four hooks on the right of

the machine. All the twelve spinners start at once from the machine in the morning. The four
risers spin down the walk a yarn one-third of 160 fathoms long and then stop, while the middlemai
and leaders continue to spin past them. The four yarns of the risers are now unhooked from the
whirls by a man at the top of the walk, and are passed each through a hole F in the frame of the
spinning machine, Fig. 6730, to a reel at the back, upon which they are wound ; the men at the
bottom end of the yarn still 1 old on so as to prevent the yarns from untwisting, and follow it up to

the machine as it is wound on to the reel. They then twist the ends of these yarns on to one of the
holding pins G- on the cross-bar of the machine frame, and start spinning again with four fresh,

yarns, which they will this time spin down to the whole length of 160 fathoms before stopping.

The four middlemen spin down the walk a yarn two-thirds of 160 fathoms long and then stop,

while the leaders still go on and pass them. Their four yarns are taken off the hooks of the machine
and spliced on to the ends of the four yarns which were left on the holding pin by the risers ; the
yarns of the four middlemen are then wound on to the reel, the men following them up the walk
and fastening the ends on to one of the holding pins; the middlemen theu start fresh yarns
of 160 fathoms length and spin down the walk. The four leaders spin down the walk a yarn
160 fathoms long, and then they also stop, and their four yarns are taken off the hooks and spliced

on to the ends of the four yarns left on the holding pin by the middlemen ; the yarns of the leaders
are then wound up on the reel, followed up by the men.

As the spinner proceeds down the walk he tosses the yarn with his left hand on to one of the
hooks in the rafters in order to support it ; and in coming back he jerks it off as:ain. The dis-

tances of one-third, two-thirds, and 160 fathoms are chalked on the side of the shed, and as the
spinners of each set come to the distance they shake their yarns, and thus signal to the man at

the machine for the yarns to be unhooked and reeled up.

6734. 6T35.
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"When the reel behind the spinning machine has been SReñ with the four lengths of yarns
spun, it is taken to the winding machine, Figs. 6731, 6735, which separates the four yarns on tc
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four separate bobbins A, A, and also reverses tbe lay of the yarn end for end, so that the fibres

may lie in the proper direction for passing through the next process. Fig. 6734 is a front eleva-

tion of half the length of the machine, showing two of the four winding bobbins A, A ; and
Fig. 6735 an end elevation. The bobbins are driven from tue drum 13, which extends the whole
length of the machine, by means of straps passing round the four riggers C, C, fixed on the vertical

spindles that carry the bobbins A. The full reel containing the four yarns from the spinning
machine is mounted on a temporary frame behind the winding machine, and the ends of the four

yarns are led to the bobbins over a sliding bar D, which has a vertical reciprocating motion
given to it by the cam E and levers F, for the purpose of filling the bobbins regularly and equally

from end to end. Other forms of winding machines are used, but the principle of construction is

the same in all. When the four bobbins are filled they are replaced by empty ones, until the whole
of the reel from the spinning machine is wound off upon bobbins. The four full bobbins are then
taken away and placed vertically in a large wooden frame called the bobbin-frame, which holds

from 150 to 200 bobbins. Each bobbin contains about 14 lbs. of yarn.

The next process is that of twisting a number of yarns together into a strand, which is termed
forming, and is effected in the forming machine and in the sin. d covering the rope-walk. Having
ascertained the number or size of the thread that is of sufficient thickness. to form the required
strand, the number of yarns corresponding to that size of thread is selected ; and the ends of the
yarns of this size are drawn from the bobbins and brought in a converging direction to a square
iron plate, called the register plate, perforated with a number of round holes. Each yarn is

made to pass through a separate hole in the register plate, and the yarns all converge thence into

one common point through the forming board, in "which is a taper steel tube with a trumpet-
mouthed taper hole through it. The hole in the tube varies in diameter for each size of strand
and is selected by a gauge; the diameter of the tube for one of the strands for a rope of 3 in.

girth is -^ in. at the small end and -^ in. art the large end, and for the strands of a rope of 2 in.

girth it is -j^- in. at the small end and -Jg- in. at the large The convergent yarns are entered into

the tube at the large trumpet-mouthed end, and are forced through, fitting tightly into the tube ;

they are thus squeezed together previously to being attached to the forming machine.
The forming machine for twisting the hemp yarns into strands, Fig. 6736, is mounted on

Fontana Mridiine*
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wheels, and made to travel along the length of the rope-walk by the endless rope A, called the
fly-rope, which passes round pulleys at the top and bottom of the walk and acts as a driving
rope, being driven by an engine. This fly-rope takes a turn round the whelp-wheel B, which
gives motion by gearing to the drum C and the twisting hooks or nibs D for forming the
strands. A fixed rope E, called the ground-rope, made fast at the ends of the walk, is coiled
round the drum C, so that by the revolution of the drum the machine is made to travel along the
walk. During the travel of the machine the yarns hooked upon each nib are drawn out and
wisted together into a strand ; each nib taking the number of yarns required to form the strand.
ine speed of revolution of the hooks is regulated according: to the kind of rope into which the
strands are to be made

; and the great object is to adjust the rate of travel of the machine in
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relation to the speed of the hooks, so that the strands may receive the proper amount of twist in a

given length. For this purpose the staves of the drum C which gives the travel of the machine
are madecapable of being shifted to or from the centre of the drum by means of adjusting screws,

so as to diminish or increase the rate of travel.

After leaving the forming machine the strands are laid into a rope by two laying machines,

Figs. 6737, 6738, one at the upper end of the wTalk and the other at the lower end. In this pro-

cess, instead of being twisted together as the yarns are in the previous process, the strands are
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placed or laid in their spiral position iu the rope without beinç twisted. The laying machine at
the upper end of the walk, Fig. 6737, is fixed, and the three strands to form the rope are attached
to the hooks D, which are made to revolve in a similar manner to those in the previous forming
machine, by the fly-rope passing round the wheel B. The lower end laying machine. Fig. 6738, is

left free to travel part way up the walk ns the length of the strands bicorne shortened by their

being laid into a spiral in the rope. The wheel 1> here drives the two forelocks A, A, to one
or other of which the strands are made fast, according as the twist of the rope is to be right-

handed or left-handed. The three strauds for the rope are stretched tight along the length of the
walk from the hooks D of the laying machine at the upper end to the forelock A of the lower
laying machine, and are supported off the ground and kept separated by means of posts, called

samson posts, placed at every 5 fathoms length, with pegs to carry the strands. A taper piece ot

wood with three grooves, called the laying top, shown enlarged in Figs. 6739. 6740, is then
inserted between the strands close to the lower machine, with its smaller end towards the fore-

lock A. one of the strands lying in pjieh of the grooves. A tran -verse hole is made through the
laying top, through which is passed the top stick or handle that the top is held by. The laying



282C BOPE-MAKIXG MACHINE.

6739.

Laying Tcp.

Hems.
t)T40.

tops are made of varions sizes, according to the size of rope required ; for a rope of 3 in. girth

the top is 12 in. long, 10 in. diameter at the larger end, and S in. at the smaller. When the rope

is more than 3h in. in girth, a top cart is used for supporting the top.

The laving machines being now put in motion, the revolution of the

forelock A," Fig. 6738. gives the twist or hard of the rope, while the laying

top is firmly held by the handle from turning. The hooks D, Fig. 6737,

at the other ends of "the strands are made to revolve in the opposite direc-

tion to the forelock A, which is twisting the rope, so tLat the twist put
into each of the individual strands at the point where they are united into

the rope immediately behind the laying top is taken out again by the

hooks at the upper end. The laying top is gradually pressed forwards by
the closing of the strands upon one another behind it ; its motion requires

to be very regular, and it is prevented from moving forwards too fast by a
tail or piece of rope attached to the top handle, which is coiled round the

rope already twisted, and thus acts as a drag to the top. The two laying

machines must be driven at exactly the proper speed relatively to each
other, so that the twist put into the separate strands at the laying top may
be exactly neutralized by the revolution of the hooks ; otherwise if the
hooks revolve too slow, they will partially untwist the individual strands,

since the twist of the yarns in each strand is in the contrary direction to

that of the strands in the rope ; or if too fast, the strands will become
twisted tighter. In order that the man holding the laying top may find

out how the machines are working, whether too fast or too slow relatively

to each other, he makes a mark on one of the strands close to one of the supporting posta ; if the
strands are being twisted too fast by the hooks of the upper laying machine, the mark on the strand
advances towards the upper end of the walk, from the yarns themselves becoming twisted tighter
together in each strand, and the length of the strand is shortened ; but if too slow, the mark recedes
towards the lower end, from the partial untwisting and consequent lengthening of the individual
strands. In laying the strands care is required with regard to the angle that the strands take.

Should the tension on the strands become unequal, the required additional twist is given to those
which have got slack by throwing out of gear those hooks of the upper laying machine to which
the tighter strands are attached, and allowing the others to continue revolving until all the strands
have again become equally strained. As the formation of the rope proceeds, the lower laying
machine is gradually drawn up the walk by the shortening of the strands as they are laid together
into the rope ; and press weights are placed on the frame of the machine to retard its motion and
hold the rope tight enough during the laying. Formed strands of ISO fathoms length will make
120 fathoms of hawser-laid rope; the length of the strands will be determined by the length of
rope required.

After the rope is taken off the laying machines, it is coiled on to a drum driven by steam
power, being guided from end to end of the drum by the workman, whose hands are protected by a
piece of old cordage twisted on the rope that is being coiled ; this gives a polish and finish to the
surface of the rope.

The previous description has referred only to ropes manufactured by hand. In the application

of machinery to this manufacture, Cartwright appears to have invented the first rope-making
machine, which is the basis of others since constructed, his Cordelier having been brought out in

1792. Fig. 6741 shows the cordelier, which revolves en the horizontal shaft A, the laying top B

6741.
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serving as the bearing at one end of the shaft, having holes through it for the strands to pa?s
tnrougn. In the discs (J, C, fixed on the shaft A are centred the three horizontal spool-frames D,
carrying the spools E, which contain the three strands to be laid together. As the cordelier
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revolves, the axes of the spools are preserved constantly parallel to themselves by the spool-frames D
being made to rotate on their bearings once for every revolution of the machine, by means of the
pinions F on the spool-frame bearings, and the counter-wheels G geariug into the central dead-
wheel H, which is of the same diameter as the pinions F, and is held stationary while the shaft A
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revolves within it. The bearings at the other end of the

spool-frames D are hollow, for the strands to pass through
to the laying top B. The strand is drawn off the spool

by the pair of delivering rollers I, which receive motion
by a worm-wheel J on the axis of one of them gearing
into the worm K within which the spool-frame revolves.

The drawing rollers L, L, draw the finished rope forwards
as fast as it is made, and hold it from turning. This
machinery was a few years afterwards improved by
Huddart.

Huddart's spinningmachine for converting sliver into

yarn is shown in Figs. 6742, 6743. The sliver, previously

formed by another machine, is contained in the twelve
cans B, which are driven rather faster than the spinning

tubes A, in order to give a slight preparatory twist to

the sliver. The spinning tube A, shown enlarged in

Figs. 6744, 6745, has a spring clip C at the top, which
grips the thread spun from the sliver and twists it with
great rapidity, thus elfecting the spinning. The thread

so formed is then subjected to a considerable amount of

tension by being drawn through the compressing jaws D,
Figs. 6744, 6746, and round the stretching pulleys E, F,
and G, Fig. 6743, the last of which is a double pulley
with two grooves. The thread passes first over the
pulley E, then under one of the grooves in the pulley G,
over the pulley F, and again over the second groove of

the pulley G, whence it passes away to a winding drum
at the back of the machine. The main driving shaft of

the machine is driven from the engine by a belt over the
fast-and-loose pulleys H. There are three horizontal

winding drums behind the machine, upon which the
yarns are wound, each drum taking the yarns from four

of the spinning tubes ; the yarns are delivered upon the
drums through holes in a longitudinal traversing bar,

which is moved endways backwards and forwards by a
from end to end of the drums alternately.
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If the ropes are to be tarred, the tar is applied to the yarns on leaving the spinning machine.

For this purpose they are first wound off from the drum behind the spinning machine upon a
winder called a whimwam, made Of a light open frame of iron and wood revolving on a horizontal

shaft. The loose ends of the four yarns on the drum are attached to a hook at the right end of

the winder, which is then turned by a winch-handle to wind the yarns on, the yams being
guided on from end to end by a traversing plate with four holes in it which receives the required

traverse motion from the shaft of the winder. On reaching the left end of the winder the yarns

are doubled round the hook at that end, and the winch is then turned in the opposite direction,

winding the yarns on till they reach the right end, where they are similarly doubled round the
hook at that end, and the winding is then again reversed. When a sufficient quantity of yarn
has been put on the winder, the hook at one end is taken out and the yarn is uncoiled from the
winder, thus forming a long skein called a haul, which is then coiled upon a small circular

turn-table, about. 4 ft. diameter, mounted on wheels. The haul of yarns is then taken to the
tarring shed, and uncoiled from the turn-table into a caldron of tar heated by fire or steam ; one
end of the haul is lifted from the tar, and by means of a capstan is drawn through a sliding

nipper or squeezer for the purpose of squeezing out the superfluous tar from the yarns. After the
haul has lain for some time, the longer the better, the four yarns are separated and wound on to

four bobbins by the winding machine previously described ; and are then passed to the bobbin-

frame ready for being twisted into strands. Huddart did not make the yarns into a haul previous

to tarring, but passed them from bobbins direct from the spinning machine through the tar, and
thence through nippers to the register plate of his registering machine. The length of a haul is

55 fathoms ; it oontains about 144 threads, and takes about 20 minutes to pass through the squeezer

from the tar oaldron, that is about IG ft. in a minute. The tar used should be the best Archangel
tar, of a good bright colour, and heated to a temperature of 212° Fahr. The usual proportion of

tar remaining in the yarns is from one-quarter to one-fifth of the weight of the untarred yarns. The
yarns when tarred ought to be of a bright brown colour.

The registering machine, shown in plan in Fig. 6747, is for the purpose of twisting the yarns
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into a strand and winding the strand upon a drum as fast as it is formed. The whole machine
revolves with rapidity on the horizontal bearings A, B, being connected with the driving power by
a sliding friction-clutch at B. The strand enters through the hollow bearing A, which grips it

tight and thus twists the yarns into the strand by its revolution. The strand is drawn in by the pair

of drawing pulleys C, taking half a turn round each, and is delivered upon the winding drum D
by the guiding frame E, which is made to move from end to end of the drum by means of a stud on

the frame working in a spiral groove cut in the barrel F. The drawing pulleys C, winding drum
D, and grooved barrel F are all driven from the spur-wheel G gearing into a stationary pinion fixed

to the plummer-block in which the bearing A revolves. As each successive coil of strand wound
on the drum D increases its diameter, an increased tension would be thrown on the strand, a friction-

clutch is therefore inserted at H in the intermediate shaft which communicates the driving motion

from the drawing pulleys C to the winding drum D, in order to prevent the drum from overwinding

the pulleys, the friction being adjusted to the exact limit of tension desired in the strand. The
guiding frame E, which delivers the strand from end to end of the winding drum, vibrates on a

centre at I, and its rate of travel is varied for different sizes of strand by changing the worm-wheel
J on the spindle of the grooved barrel F ; tue universal joint K allows of the driving worm being

set at diffèrent inclinations for gearing into a larger or smaller worm-wheel J.

The strand made by the registering machine is wound off the drum D on to a loose reel, so that

when transferred to the drum of the spool-frame in the laying machine it may lie the same way
end for end as on the drum D, in which state it is ready for being laid into a rope. The length of

the strand is measured by passing it over a pulley of definite diameter, to which is attached a
counter with a dial, indicating the number of fathoms of strand that have passed over the pulley.

Fig. 6748 is a general elevation ; Fig. 0749 a plan at the top ; and Fig. 6750 a sectional plan
through the spool-frames ; Fig. 6751 is a sido elevation of one of the spool-frames to a 'larger scale
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of the rope-laying machine for laying the hemp strands into rope. The three spools A, filled with
strand ñom the registering machine last described, are carried in the vertical spool-frames B, which
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are centred at top and bottom in the main frame C of the machine. The entire machine revolves

round the fixed centre shaft, and is driven by the small bevel-pinion D gearing into the wheel E
at the bottom of the main frame C. The spool-frames B are made to rotate on their axes during
the revolution of the machine by means of the pinions F on the spool-frames and the counter-

wheels G gearing into the dead-wheel H, which remains stationary, being fixed on the centre shaft

of the machine. If the pinions F were of exactly the same diameter as the dead-wheel H, the
spool-frames would make exactly one rotation on their axes for each revolution of the machine, and
the spools would be preserved constantly parallel to themselves while the machine revolved, so that

the strands would be laid into the rope without any additional twist in the individual strands.

But in order to ensure the yarns in each strand being thoroughly closed upon one another, a slight

additional twist or forehard is given to each strand in the act of laying it into the rope, by making
the spool-frames perform rather more than one rotation on their axes for each revolution of the

machine, since the twist of the yarns in each strand is in the contrary direction to the twist of the
strands in the rope. The pinions F on the spool-frames are therefore made of smaller diameter
than the dead-wheel H in the proportion of 13 to 14. From the spools A the strands are drawn off

round the stretching pulleys I, I, as dotted in Fig. 6751, which are driven by bevel-gearing and
pinions J from a dead-wheel fixed on the centre shaft at the top of the machine, with counter-
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wheels and pinions K similar to those at the bottom. The strand is pressed tight into the groove
of the upper stretching pulley I by the small tightening pulley L, Figs. 6751, 6752. The spool A
is retarded from unwinding too fast by a friction-brake, which is adjusted to any degree of tight-

6Ï49.
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ness required. The strands pass up through the hollow bearings at the top of the spool-frames B
and through the pinions K, and are curved over the oblique guiding rollers M, which are fixed at
varying inclinations in order to prevent the strands from slipping off. The three strands then
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unite at the centre, and are laid together into the rope by the revolution of the machine, each
strand being laid into the rope with the required amount of forehard by the simultaneous rotation

Laying .Mac/tmc.
iòr laying"hemp strands into Rcpo.

6752.

Tightening ï\j.lLeyM

Side* Elevation;

of SpooL Fram&
enlarged.

of its own spool-frame in the contrary direction to the machine. The newly-made rope is carried

upwards to another machine, where it is stretched over and under three pulleys driven by steam
power ; and as it passes from the last pulley it is compressed by a roller kept against the rope by a

strong steel spring. It is afterwards finally coiled away in a warehouse.
Wire Ropes.—Wire ropes were used as early as 1822 for the supporting cables of a suspension

bridge at Geneva/and also for the Freiburg Suspension Bridge of 807 ft. clear span, erected in 1835.

The wire ropes in the latter case, Fig. 6753, are constructed of twenty bundles or strands of straight

iron wire 0*125 in. diameter, stretched parallel, forming a rope 5£ in. diameter, and bound round
with wire at 2-ffc. intervals.

The first form of wire rope regularly manufactured was known as selvagee, Figs. 6754, 6755. it
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consisted of a number of hard or unannealed wires, of about 1 2 to 16 wire-gauge, or • 1 10 to * 065 in.

diameter, which were stretched parallel and bound together by a fine wire of about 20 wire-gauge, or
• 036 in. diameter, wound spirally around ; after which« a parcelling of woollen list was also wound

round in the contrary direction, with the edges lapped so as to cover the wires entirely ; the rope was
completed by a service of tarred yarn wound on in the contrary direction to the list. The method of

making the rope was simply to warp or stretch the wires at a uniform tension over two hooks set

at the distance of the length of rope required to be made, passing the wires backwards and forwards
over the hooks as many times as was necessary to make up the size required. A solution of india-

rubber boiled down in linseed oil, with a mixture of resin and tar, was rubbed carefully into the
body of the rope previous to binding up, and after the binding wire had been wound on, the solu-

tion was again applied to the exterior wires to prevent oxidation, the process of galvanizing not
being practised at that time. The parcelling of list was also saturated with the solution, the yarn
being tarred as usual. The binding and parcelling were always done by hand, before the rope was
taken off the hooks ; but the service of yarn was usually laid on by a machine for that purpose,
though occasionally also by hand. The method of attaching the fittings, such as shackles, thimbles,
and dead-eyes, was either by forming an eye during the process of warping to receive them, or by
inserting the end of the rope stripped to the wires into a conical socket attached to the shackle, and
turning back the ends of the wires so as to prevent the rope being drawn out. But more generally
the fittings were turned in, that is, the end of the rope was doubled round and seized or bound
to the standing part. It will be seen that it was very difficult to splice this form of rope, owing to

the absence of twist or lay.

Kopes thus made were exceedingly rigid and non-elastic, but possessed greater strength than
any other construction ; in fact, the entire strength of the wire was preserved. The parcelling and
service added to the size, but not at all to the strength, being intended only for protecting the wires.

The machinery for making these selvagee ropes consisted simply of the two hooks over which
the wire was warped, which were attached to movable posts set at the required distance asunder.
The serving machine was a long wood trough, extending nearly the entire length of the rope-

ground, having a revolving shaft at each end, with a hook at its extremity, and carrying a fast-and-

loose pulley, over which a driving band passed. The two serving hooks were driven at the same
speed of about 400 revolutions a minute ; and the shifting forks of the driving bands were connected
by a cord extending throughout the length of the ground, so that the workman could stop or start

the machine at any part. An ordinary serving mallet was employed for laying on the yarn, and
was guided by the workman, who also regulated the tension, the yarn being supplied from reels

hung overhead.
The next description of wire rope was known as formed rope, Figs. 6756, 6757. It consisted of a

number of soft or annealed wires, usually

6756

"^Bcrnud" TVrre, R/tjw. 1837.

6757.

First B/xt IVive, Rape. 1836.

about 14 wire-gauge, or 0*085 in. dia
meter, formed or twisted into a strand,

but with little or no regard to regu-
larity ; and four of these strands were
laid into a rope, though this number was
not always the same. The number of
wires was varied according to the size of
rope required, and occasionally the size

of wire was altered to suit circumstances.
These ropes closely resembled ordinary
hemp ropes in appearance. The twist

caused by forming the strands remained
in the wire as a permanent set, and the
strands were laid together with an extra
amount of twist or forehard in each
strand, which was necessary to keep the
rope together. Little or no injury was
done to the wire by this process, owing
to its being annealed, and also from the
length of the twist of the wires in each
strand, which was usually about 12 in.

pitch ; but it would be almost impos-
sible to use hard wire in this manner.

The formed wire ropes possessed great pliability and some amount of elasticity ; they were
readily spliced and fitted like ordinary ropes, and though not so strong as the selvagee wire ropes,

they possessed many advantages and were more easily introduced. The small size and soft naturo
of the wire used offered little resistance to exterior friction, and when employed as incline or

running ropes they soon flattened and wore out. The irregularity with which the wires were
formed or twisted into strands, frequently crossing and reorossing one another, and the great

difference in the length of the wires, as well as the short lay of ihe ropes, amounting to only 4J in.

pitch, materially assisted to destroy them. Even when used simply as standing rigging, the wires
frequently broke, and the broken ends stuck outwards to the danger of the sailors handling the
rigging

; and to prevent accidents they were served with yarn, like the selvagee rope, after having
been wormed, that is, having a yarn laid in between each strand so as to alter the shape to a round
form.

The first flat wire ropes, Figs. 6758, 6759, were composed of from eight to twelve formed strands,
with the twist alternately right and left handed, made of a number of fine wires usually about 18 or 20
wire-gauge, or 050 to 036 in. diameter. These strands were placed in the position of the warp,
in a loom of the ordinary form but greater strength, and were woven together with a shoot of strong

6758. 675a.
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yarn. Very little twist was put into the strands, as the yarn when woven in kept them in form.

These ropes were by no means durable, as the yarn soon wore out, especially at the edges ; and
their application was very limited.

Flat wire ropes were next made of 676°- 6*61 '

four or six formed ropes, each made of Second, Hat Why R/jp&. 1¿137.

four strands laid very long, and alter-

nately right and left handed' these

were stretched together side by side

and sewn through with six wires of
No. 14 or 16 wire-gauge from side to

side in a zigzag direction, as in Figs.

6760, 6761. This was accomplished by
carefully inserting a needle of dagger
shape between the strands of the ropes,

and so making a passage for the wires,

which were carefully laid side by side.

The round ropes thus bound together
resembled the ordinary flat hemp rope
in appearance. The process was tedious,

on account of the care necessary to avoid
penetrating the strands with the needle,
which would do great injury to the
rope.

The last construction of wire rope is known as laid rope, Figs. 6762, 6763, in which the strands
were made of a few wires, seldom exceeding six, laid around a core of hemp or wire, the wires of the
strand being entirely free from twist, each wire being simply laid in a spiral form without any twist
in the wire itself, as shown in the diagram, Figs. 6764, 6765. Six of these strands were again laid

6762. 6763.

6764. 6765.

without forehard or additional twist into a rope, around a core generally of hemp. The size of

wire usually varied with the size of the rope, as the total number of wires, 36, was seldom varied.

The wire was hard or unannealed ; and by the system adopted in making, a uniform length was
obtained with entire absence of twist. By this means the full strength of the wire was retained, and
consequently the rope produced was much stronger for the same weight. An increase in size is,

however, caused by the introduction of the hemp cores, which amount to one-seventh of the entire

bulk in the case of ropes with six strands of six wires each, the construction now usually adopted.

The machinery used in the manufacture of laid strands and ropes originally consisted of the
ordinary machinery used on rope-grounds for laying or closing hemp ropes, the machines at each
end of the factory being speeded alike, as previously described.

The next form of machine adopted had simply one hook, mounted in bearings on a fixed frame,
and driven by hand or power, to which all the wires composing the strands were attached ; these
were stretched along the ground, supported at intervals on trestles, till they reached the other end,

where they were hooked on to swivels or lopers. Attached to the lopers were cords passing over
pulleys and having weights suspended from them, so as to regulate the tension of each wire, and
also allow for the shrinkage of the rope in the process of making. When the hook was set in

motion, the twist in each wire traversed the entire length of the wire, and escaped at the end by
means of the loper or swivel. A perforated plate or laying top was used, carried by a workman
along the ground, regulating the amount of lay or twist.

The next machine used, shown in Fig. 6766, was a modification of Huddart's hemp rope-laying
machine, previously described. In these machines the operation went on continuously until the
required length of strand or rope was made, giving rise to the name of endless machines ; they
were also called vertical machines, because the main frame carrying the spools revolves on a vertical

axis. The first modification of this machine for making wire ropes consisted in altering the gearing
for working the spool-frames B, so that no additional twist or forehard was put in the wires as in the
strands of hemp ropes, the pinions on the spool-frames being now made of exactly the same diameter
as the central dead-wheel, as in the diagram, Fig. 6767, causing the spool-frames to make exactly
one rotation on their axes for each revolution of the machine. Machines of this description were
also made to work on a horizontal axis instead of a vertical one ; and a balance weight was some-
times attached to each spool-frame in the horizontal machines, which by its gravity prevented the
spool from twisting the wire, and rendered gearing unnecessary for the purpose ; but the speed of

these machines was limited in consequence.

^
Another machine was that known as a compound machine, for producing the entire rope

finished at one operation ; and may be described as consisting of six stranding machines, like

that last described, all mounted on one large frame and revolving horizontally, the necessary
motion being given to the machinery to lay the wires into strands and then the strands into rope,

without producing any twist in the individual wires. This machine, though a mechanical success,
was a commercial failure, and was soon abandoned for the simpler and cheaper plan of first making
the strands and then laying them into ropes on separate machines.

8 s
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Some modification was then made in the vertical machines, Fig. 6766, in the means of pre-
venting twist of the wires during the laying, by employing a centre crank or eccentric and four

6Ï66.

Huddartk

Wire, Rape Machine.

Vertical; Section/

outer cranks on the spool-frames B, Fig. 6766, and in the diagram, Fig. 6768, and also by sub-
stituting chain wheels and pitch chain, Fig. 6769.

The method of joining the lengths of wires was in the first instance by twisting the ends
together

; afterwards, in the manufacture of laid strands, by tucking, that is cutting out the hemp
core about 12 in. from the end of the wire that has run out, and inserting in its place the end of
the new length of wire : the rest of the wires are then laid up on the new wire as a core for

?k ßh 0f 6 m
''
wten tlie new wire is bought out into its right place and the remaining 6 in. of

the old wire passed in as the core, on which the laying is again continued till the end of the wire
is reached

;
the proper hemp core is then replaced, and the process of laying resumed as before,

borne manufacturers prefer to braze-or weld the ends of the wires together for joining the lengths,
wire as small as No, 16 wire-gauge, or 0'065 in. diameter, being welded by experienced workmen
t>y means of a common portable forge.

th ,J

li
.^a^ (l Smith's wire-rope machine the bobbin-frames and bobbins are placed one behind

another all in the axis of the revolving frame, and remain stationary in that position while the
trame alone is made to revolve.

Smith's machine is shown, Figs. 6770 to 6773. Fig. 6770 is a side elevation of the entire
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length of the machine. Fig. 6771 a side elevation of one portion of the machine, to a larger scale

and partly in section. Fig. 6772 is a transverse section, and Fig. 6773 an end elevation at the front

end of the machine.

Gill.

Smith's Wire Rope Machjunj&.

The bobbins A, A, Fig. 6770, are here

all arranged in a horizontal line one behind

another, in the axis of the revolving frame

of the machine. The revolving frame is

composed of a number of disc-wheels C, C,

framed together by three long bolts D, Figs.

6771, 6772, passing through holes nearthe

edges of the discs and through strong iron

distance tubes with collars at each end,

which are all turned accurately to one

length. Eight discs 0, C, Fig. 6770, are

thus framed together by the three bolts,

and separated by the distance tubes, forming

seven compartments of the machine, each

containing a bobbin of wire A. The last

disc at the back end of the machine forms

part of a three-speed cone-pulley E, by

which the entire frame is made to revolve,

being supported and steadied sideways at

every alternate disc by the three rollers F,

Fig. 6772. The bobbin-frames B, B, are

centred in the revolving discs C, and have a

weight Gr suspended from their under side,

sufficient to overcome the friction of the

bearings and prevent the bobbin - frames

from revolving with the machine.

The front end of each bobbin-frame B,

Fig. 6771, lias a hollow steel stud or nipple I,

carefully bell-mouthed ; and the back end

has a solid stud H. Each stud works in a

boss cast on the disc C, having a clear hole

right through the centre for the wire to pass

through ; and the boss on the front side of

the disc has a large- gap J, for the wire to

pass out from the centre. The wire from

each bobbin A, shown by the strong black

line, is drawn off through the bell-mouthed

stud I and the centre of the disc C, and is

then taken round the leading pulley K,
Figs. 6771, 6772, which is fixed on the

framing bolt D for the purpose of enabling the
wire to clear the bobbin in the next compart-
ment. The wires pass through holes in the

disc C on either side of the framing bolts D, ,,

as in Fig. 6772 ; and on reaching the front compartment of the machine, all the six wires trom tue

six bobbins A, Fig. 6770, are led round three pairs of leading pulleys K, and thence through the

holes in the front disc, Fig. 6773, through the laying plate L, Fig. 6770, and over the laying top M.

The laying plate L is attached to the front disc of the machine, and has a slot in it for each wire to

pass through. The laying top M fixed in front of the laying plate is simply a cast-iron blocfc

C
Elevati/mi

6773.
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with the required number of scores or grooves for the wires. The front bobbin N, Fig. 6770, in
the first compartment of the machine, carries a seventh wire to form the core for the six external
wires, which is led off through the centre of tho front disc and through a hole in the centre ot the
laying plate L and laying tap M. The tension or temper of each of the seven wires is regulated
to the exact amount required by a friction-brake O on the spindle of each bobbin, Fig. 6772. The
bearings of the spindle in the bobbin-frame B are provided with spring caps, to facilitate changing
the bobbins.

The six wires are all brought together at a point immediately in front of the laying top M,
where they are all laid round the core by the revolution of the machine, the bobbins A remaining
stationary with the exception of their unwinding motion as the wires are drawn ofi ; each wire
is thus laid into the strand free from twist in itself. The strand thus made passes between
the nipping rollers P, Fig. 6773, which have a series of scores of different diameters to suit various
sizes of strand or rope ; the lower roller turns on a fixed stud, and the upper one on a weighted
lever. The strand is then led half round the indicator sheave K, Fig. 6770, which has a counter
•attached to indicate the number of yards or fathoms made. Thence it passes backwards along-
side the machine to the draw-off wheels S, S, at the back end ; these are V grooved wheels of equal
diameter, round which the strand passes in a figure of 8 course, being pressed tight into the groove
of the second wheel by the tightening roller or jockey-wheel T, which prevents the strand from
slipping from any accidental cause. The draw-off wheels S are driven from the driving pulley E
by intermediate bevel-gearing, with a change-wheel by which 'the speed of the draw-off wheels is

regulated in proportion to the speed of revolution of the machine, whereby the lay of the wires or

pitch of the spiraL in the strand is determined. The strand finally leaving the machine from the
draw-off wheels is wound on a bobbin, ready to be placed in a second similar machine to be laid

into rope. In this second machine the revolution of the laying apparatus is in the opposite direction,

while that of the draw-off wheels is in the same direction as in the first machine, in order to make
the lay of the strands in the rope contrary to that of the wires in each strand. From the second
machine the rope is coiled on a reel, or in case of its being a long length it is sometimes coiled
down direct into trucks for transportation.

In this machine, instead of the bobbins and bobbin-frames, which sometimes contain half a ton
weight each, being carried round the common centre of the machine, sometimes describing a circle

of 15 ft. diameter, and also rotating on the axes of the bobbin-frames once for every lay in the
rope, the same result is attained without any motion being given to 'the bobbin-frames. This is

an important advantage, because in course of working some of the bobbins are full while others are
nearly empty, and in the case of the old machinery a great strain is thereby thrown on the parts

of the machine from the variation in weight; while in the construction just described the
equilibrium of the machine is never disturbed. In addition to this, great regularity of lay results

from the wire being free to unwind, and from the absence of the extra tension that was necessary

to prevent the wire being disturbed when rapidly carried round in the old machine. The
stationary position of the bobbins enables the workmen to see what is going on, and no entangle-

ment of the wire takes place, as is frequently the case in other machines.

KOTAKY ENGINE. Fb., Rotatoire-machine ; Gee. Dreh-Maschine; Ital., Macchina rotatoria;

Span., Máquina rotatoria.

See Engines, Varieties of.

SAFETY-VALYE. Fe., Soupape de sûreté'; Gek., Sicherheitsventil ; Span., Valvola di sicurezza ;

Span., Válvula de seguridad.

See Details of Engines.
SAW. Fb., Scie ; Gee., Säge ; Ital., Sega ; Span., Sierra.

See Wood-woeking Machinery.
SCAFFOLDING. Fe., Echafaudage; Ger., Rüstung ; Ital., Ponte, Castello; Span., Andamiaje.

Scaffolds, Staging, and Gantries.—A scaffold as used in building is a temporary structure sup-
porting a platform, by means of which the workmen and their materials are brought within reach
of the work.

The most common form of scaffold is that used by the bricklayer. It consists of poles, usually
of fir, from 25 to 40 ft. in length, and from 6 to 8 in. in diameter at the butt or larger ends. These
poles, which are called standards, are planted in a row at intervals of 10 or 12 ft., and at a distance

from the wall to be erected of about 5 ft. in the clear. To the standards on the sides next th<. wall

other poles called ledgers, placed horizontally, are lashed with ropes as the work proceeds, at

intervals of about 5 ft.
#
in height. These support the putlogs, which are pieces of squared timber

about 6 ft. long, and from 4 in. by 3 in. to 4 in. by 3£ in. in scantling. The putlogs are supported

at one end on the ledgers and the other on the wall, a header or half-brick being left out for the

purpose in building. Putlogs are usually placed at about 3£ or 4 ft. apart. On them are laid the

scaffold boards, which are about 9 in. wide by 1£ in. thick. It is on these scaffold boards that

the workmen stand, and the bricks and mortar are deposited. Fig. 6774 shows the arrangement
of a bricklayer's scaffold. When the scaffold has to be carried to a considerable height other

poles are lashed to the standards with ropes tightened by wedges. Poles are also lashed diagonally

across every three or four standards in the shape of a St, Andrew's cross ; these are called braces,

and they serve to stiffen or brace the scaffold longitudinally.

In buildings which do not admit of putlog-holes in the walls, as where rubble stone or ashlar

facing is used, and which do not require heavy machinery for hoisting, or strong timbers in the

scaffold, two rows of standards with ledgers are used, one row being close to the wall, and the

other at the usual distance, so that both ends of the putlogs may rest on the ledgers. Scaffolds

such as we have just described are sometimes used for heights of 00 or 100 ft. from the ground, as
in building church steeples and similar work. In the erection of houses it is usual to construct a
staging about 10 ft. square on the outside of the scaffolding, for the purpose of hoisting materials,

and from which they are distributed for use. This staging is usually formed with standards and
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ledgers in the same manner as the scaffold to which it is connected. In the erection of large works

in masonry, the materials used being blocks of stone, frequently weighing several tons, it is obvious

that a different arrangement

is required from that where fl 6774.

the materials can be lifted

and set by the hands of the

workmen, as in the case of

bricks and the small stones

used in rubble-work. The
mason therefore uses, instead

of a scaffold formed of round

poles, one of squared timbers

of large scantling, which
being too large to be lashed

with ropes, are fastened to-

gether by bolts and dog-irons,

and are kept quite indepen-

dent of the walls, putlog-holes

as used in brickwork being

inadmissible.

The standards, were for-

merly planted in two rows,

one being next to the wall,

and a boarded platform was
carried on the top similar to

the bricklayer's scaffolS, the

heavy stones being hoisted

and set by means of shears

with blocks and tackle. . This
method is now almost superseded in large works by a staging formed of squared timbers, in the

same manner as the mason's scaffold, but with only one row of standards on each side of the wall.

On these standards are laid the longitudinal timbers, which usually carry a line of rails on which
a travelling platform containing the hoisting gear can move over the entire extent of the building.

The standards and longitudinal timbers are made perfectly rigid by struts, disposed as in Fig. 6775,
which is a front view of one tier of the outer row of timbers.

The standards A, A, are in scantling usually from 8 to 12 in. square, according to the height of

the scaffold and the weight to be supported. The distance apart is from 10 to 20 ft. Corbel or cap-

pieces B, B, are placed under the longitudinal timbers or runners C, C, to give the latter a better

bearing on the heads of the standards. The runners C, C, are usually of the same scantling as the
standards ; but the struts D, D, are seldom more than one-half the sectional area of the standards.

These struts usually pitch against a straining piece E, which is bolted to the under side of the
runners. The lower ends of the struts rest on cleats, and are secured to the sides of the standards
either by iron spikes or bolts. It is desirable to have as few bolt-holes as possible, and to avoid
notching, mortising, or otherwise cutting into the timber, so that the deterioration in value at the
completion of the work may be as little as possible. Therefore the several pieces are for the most
part put together with dog-irons, which are pieces of square or round iron about f in. in diameter,
having the ends pointed and turned down at right angles. These are driven into the wood, and
can be removed with little or no injury to it afterwards.

The distance at which each row of standards should be placed from the wall will depend upon
the general arrangement for conducting the works. In some cases a tramway leading from the
quarry or stone depot is laid between the outer row of standards and the wall to admit of the stone

being lifted directly from the truck on to the work. In this case a space of from 10 to 20 ft. would
be required between the standards and the wall. In other cases, as in the streets of towns, or where
the space is limited, the timbers are placed within a few feet of the wall on both sides, and the
materials are lifted at some convenient part of the work, over which the traveller with its hoisting
gear can be brought. Fig. 6776 shows a section of a wall in progress with the travelling platform
resting on the staging.

To prevent lateral movement in the staging, struts from the ground, as F, Fig. 6776, are usually
fixed to each standard. The lower ends of the struts should always be fixed to foot-blocks, as at G,
by which they are prevented from sinking into the ground. A short pile should be driven at the

outer end of the foot-block, which will prevent it from slipping. The usual practice, however, is

that shown by Fig. 6777, in which the foot-block is sunk in the ground at right angles to the
direction of the strut. The choice of these methods will depend on the nature of the ground.
Sometimes the ends of the standards are framed with a short or stub tenon into a continuous sill of

timber placed on the surface of the ground ; this prevents the unequal settlement of the standards,
which would be fatal to the stability of the staging.

In the foregoing description the staging is supposed to be in one tier only'; but in buildings
which have to be carried to a great height the staging will require to be raised accordingly. This
is usually accomplished by placing a beam of timber across the head of each standard, and projecting
some 9 or 10 ft. beyond it at right angles to the direction of the runners on which it is made to
rest, as I, I, Fig. 6777. This piece, which is called a footing piece, serves the same purpose as the
foot-block G, Fig. 6776 ; but instead of resting on the ground, it is supported by the struts H, H,
Fig. 6777. These struts are usually in two pieces in order that the struts F, F, may pass between them.

The standards of the upper tiers should always be placed directly over those of the lower tiers

to prevent cross strains on the horizontal timbers. Figs. 6777, 6778, show the principle generally
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adopted for staging of this kind, the upper tier being usually braced by diagonal braces, as shown
in Fig. 6778.

SecUvnJ.

6Ï78.

ElerimtiorL'.

The term gantry is frequently applied to a struturo of timber, such as we have described ; but
properly a gantry is a staging which carries a traver only, as that shown by Figs. G775, G77o\

Fig. 6779 is a transverse section showing the argement of the timbers of a staging as used in
the construction of bridges and viaducts. The width should be from 10 to 20 ft. more than the width
of the bridge, and the height of the staging is usually about the same as the springing line of the
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arch. A line of rails is generally laid on each side to admit of a traveller called a Wellington
which is similar to that shown by Fig. 6776, but with the addition of legs to make it clear thé
upper portion of the structure over which it passes. By means of this traveller all materials, what-
ever their weight may be, can be hoisted from the ground with the greatest facility, and deposited
in the position they are to occupy in the work. In brick arches or those of rubble stone such a
traveller would not be required.

In viaducts of great height a staging, as Fig. 6779, is also used to support the centering, or in
those formed of iron the girders are put together on it. That used in constructing the land tubes
of the Britannia Bridge in 1850 was similar in principle to the staging shown by Fig. 6779. When the
arches are of considerable span, two or more of the frames shown by Fig. 6779 are required for each
arch ; they are connected by longitudinal timbers or runners, on which the rails are laid strutted,
Fig. 6775 ; or when the distance between the supports is great, wrought-iron tie-rods are used as
for purlins. Where centering has not to be supported, or in an iron bridge where the girders are
not put together in position, a simple gantry, Figs. 6777, 6778, to carry a traveller is all that is
required.

6119
6780.

The scaffolding used in the erection of domes and roofs of considerable span, as those for large
railway stations, is nothing more than a series of standards with longitudinal timbers, and a plat-

form on the top with diagonal braces and struts between the standards, similar to that shown by
Fig. 6779. The arrangement or plan will of course vary according to the shape and extent of the
building. Whole timbers are generally used for both standards, and runners and half-timbers for

the struts and braces. The platform is usually formed of planks 3 in. in thickness.

Fig. 6780 represents the movable scaffolding and its circular track, constructed by H. Lee and
Sons, and employed in building Garrison Point Fort, Sheerness. This traveller is 46 ft. high from
rail to rail ; the tramway or track is of the ordinary kind employed for stone travel ; extreme width
18 ft., length of sill 24 ft. The crane is the ordinary travelling crane used by masons and con-
tractors; the transverse carriage and crab are arranged in the usual manner. The economy of

manual labour in working cranes is a subject of much importance to the builder and contractor,

especially for heavy works, and much attention has been given to this subject. Steam power has
been long employed for the lifting and removal of heavy weights, and the amount of labour saved
by the steam travelling crane, compared with the ordinary hand-labour machine, is considerable. In
many of our modern engineering operations scaffolding has to be constructed to support a small
steam-engine and boiler as well as the crane and materials to be moved; for it is often found con-

venient to have a steam-engine and boiler with the driving gear supported upon the platform at

one extremity of the transverse carriage, being fixed thereto, and travelling with it, in a longitudinal

direction, whenever so required. In this way the steam power travels with the traversing carriage,

and does not require any longitudinal shafts or bearings, which is the case when a fixed engine is

employed, the lubrication and friction of the longitudinal shafting being also saved.

Figs. 6781, 6782, show a sketch of the staging used by the contractors, Lee and Sons, in the
construction of the Admiralty Pier at Dover, in a depth of water of over 60 ft. at high spring-
tides. This staging carried a pair of travellers on rails 37 ft. 10 in. apart, and also two tramways
of 4 ft. 10 in. gauge for the trollies which carried the materials to run on, one being on each side of
the travellers.

The staging was supported on three rows of piles, from 17 to 20 in. diameter, and about 90 ft
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Ion»- but with one splice in each pile above the high-water level. The splices were made good

with wrought-iron bands and straps. The piles were shod with iron, and driven into the ground at

intervals of 25 ft. from centre to centre, and the distance between each row was about 41 ft.

The transverse beams, which
were of whole timbers, were in 6Î81

two thicknesses, one above the fr-

other, and were secured to the

heads of the piles by iron sockets

bolted on. Over the transverse

beams were laid the runners ;

those for the traveller rails were
formed of two whole balks

placed side by side. The tram-

ways were supported by single

balks of the same size. A foot-

way about 4 ft. 6 in. in the clear

was formed in the middle of the

stage by planking over the
space between the runners of

the adjoining traveller ways.
As the staging was liable at

times to the wash of a very
heavy sea, it was the object of

the contractors to construct it

so as to offer as little obstruction

to the waves as possible, there-

fore the ties and braces were
all made of wrought iron, as

shown by the thick black lines

LongiissjainaJL Section/.

Transversa/ Section^

lengthin the drawing, and the piles were rounded with the same object. From the great

piles under water it was difficult to introduce efficient bracing, consequently to each pile

outside rows a pair of mooring chains were attached and anchored in the sea, one at a distr

of the
of the

pair ot mooring cnams were anacneu auu aucuuruu in mo sea, une »n a uistanee of

about 490 ft. from the foot of the pile, and the other at about 290 ft.

It is rarely that we find a staging erected in such deep water, and it reflects much credit on the

skill of the contractors who carried it out.

SCEEW ENGINES.
The chief difference between marine engines adapted to drive paddle-wheels, and those suited

for giving motion to the screw is, that in the latter case the engines are direct acting, whilst in the

former they are not always direct acting, but the motion is conveyed through the intervention of

side levers.

The overhead arrangement of the cylinders, Figs. 6783, G7S4, is very common with screw

engines built in the north of England, and any variation in their design and position is usually due

to the particular variety of condenser adopted.

Figs. 6783, 6784, represent a pair of engines with injection-condensers. The cylinders are sup-

ported on standards similar to a girder. The slide-valves are between the cylinders, but ample

space is allowed for necessary inspection. The supply steam pipe is attached to the casing at
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the side, the exhaust-pipe being situated opposite. This latter pipe forms two separate connec-
tions at the top, with a single connection at the end secured to the condenser. The expansion and
contraction of this pipe is eifected

by the stuffing box seen on the con-

denser. The air-pumps and valve-

chambers are secured beyond the

condenser. Motion is imparted by
levers connected at the one end to

links on each side of the connect-

ing-rod pin; the other end being
in like manner secured to the cross-'

head which is connected direct to

the air, feed, and bilge pumps'
rods.

Side guides are sometimes used
for the pump cross-head, but are

not always used with short strokes

and stiff gear. The injection-valve

is secured below the exhaust steam
pipe, between the condenser and
the air-vessel, the latter being on
the discharge-chamber. The final

discharge-water pipe is secured to

the outside of the chamber, and
from thence to the ship's side. The
guide-blocks for the engine piston-

rods are of the ordinary kind, with
flat surfaces and adjusting pieces.

The connecting rod is of the usual

type and connection. The base or

lower framing is similar to box-
girder in section, also forming a
portion of the condenser and valve-

chambers at the side. The valve

link motion is between the engines.

The means for starting, stopping,

and reversing, are attained by a
hand -wheel, worm, pinion, and
levers. The cranks and shaft are

in one forging, the bearings being
fitted with adjustable brasses.

Double Trunk-engines.—The ob-

ject to be attained by trunk-engines
is compactness of arrangement,
with free space above the cylinders

and condensers.

Figs. 6785, 6786, represent an
arrangement of double trnnk-

cylinder screw engines by J. Penn
and Son.

The cylinders are secured to-

gether on one side of the centre of

the hull of the vessel. The trunks

are double, that is, one trunk on
each side of the piston passes direct

through the front and back ends
of the cylinders. The cross-head

pin is connected by bolts and nuts
passing through projections cast

on the piston and front trunk, the

back trunk being a separate cast-

ing, and secured by studs and nuts.

The connecting rods are of the
ordinary single-end kind, adjusted
by securing bolts and nuts. The
main frames are of cast iron, the
caps of which are secured in a line with that of the cylinder. The cranks are counterbalanced by
weights secured to the back of each, thus producing a uniform motion.

The slide-valve adopted by J. Penn and Son is the equilibrium double-ported. The friction is
here greatly mitigated by a recess in the back of the valve, which encloses a ring and packing, the
outer side of the ring bearing against the cover of the casing, and thus excludes the full area of the
valve from being exposed to the action of the steam.

The mode of imparting the motion to the valve is by the ordinary slotted links and eccentrics,
ine valve-rod—when oue is used—is guided^ beyond the casing by a guide-box secured to themam training. When two rods are adopted, a cross-head connects them. The guides are above

6784.
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and below the rods, the former being secured to the casing, thus dispensing with the guide connec-
tion with the main frame.

6785.

6786.

m

*&
The mode of raising and lowering the link is generally by a rod connected to a lever keyed on

a shaft ; on this shaft is secured a quadrant gearing with a worm, the latter forming a portion of,

or keyed on, the starting-wheel shaft. The connection of the lifting rod with the link is central,

the firm seeming to prefer this to any other position.

The mode of reversing is as follows ;—Mitre-gearing on the wheel-shaft imparts motion to a
rotatory box encompassing a perpendicular screwed rod, the lower end of the latter being connected
to a lever counterbalanced at its outer extremity. A rod attached to this lever connects it with the
link, and thus any motion imparted to the screwed rod is transmitted to the link.

The supply steam is admitted to the slide-valve casings through a separate bonnet or casing
containing the expansion-valve. The exhaust steam passes through separate pipes leading from
the cylinder to the condensers. The latter is so arranged that the condensing and discharge
chambers for each engine are in separate castings, connected at the centre by bolts and nuts. The
condensers are at the outer sides of this arrangement, or fore and aft of the hull ; the discharge-
chambers being placed in the middle. The suction and delivery valves are on the same level,

above the barrels of the pumps. The feed and bilge pump barrels are cast with the condensing
chambers. The valves are attached in suitable boxes, secured to the exterior of the chambers
forming the sides. Motion to all the pumps is imparted by rods directly connected from the steam-
pistons to the several pistons and plungers. The injection-valves are secured at the side of each
condenser, opposite or beyond each exhaust steam pipe.

Return-acting Trunk-engines.—Figs. 6787, 6788, are of the return-acting trunk air-pump screw
engine of R. Napier and Sons, Glasgow. The cylinders are attached together on the same side of
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the crank-shaft, and the slide-valves are situated at the side of each cylinder fore and aft ; the valve
adopted being the equilibrium double-ported arrangement, packed at the back with the ordinary

ring, spring, adjusting studs and nuts. The centre of the valve-rod, unlike most examples by other
makers, is above that of the crank-shaft. The motion—for the valve—is imparted by the ordinary
slotted link, eccentric rods, and so on. The position of the link is at the side of the condensers.
The gear for starting, stopping, and reversing is a screwed rod with a sliding block encompassing it,

motion from the hand-wheel shaft being transmitted by mitre-gearing. The back portion of the
sliding block—on the rod—is fitted into a guide secured to the side of the condenser, to prevent lateral
disarrangement. There are two hand-wheels, one on each side of the condenser, keyed on the
weigh-shaft, which latter is supported on the condenser passing across the top.

By this particular position of the starting gear a maximum length of eccentric rod is attained,
while the cylinders are secured as near the crank-shaft as the length of the stroke of the piston
will admit.

The injection-condensers are fitted with single-acting pumps, so arranged that the steam enters
the condensing chamber at the front end from the top, and the chamber extends midway above the
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top of the pump. Channels are formed on each side of the air-pump barrel for the reception of the
suction-valves, which are inverted to ensure a perfect drainage of the condensed steam. The dis-

charge-valves are secured directly over those for the suction ; and as the bottom of the discharge-

chamber is on a level with the top of the pump-barrel, a thorough discharge of both air and water
is effected, transversely for the entire width of the disposition. The injection-water falls through
a perforated plate.

The plunger or trunk is a cylinder, closed at the back end, and the adjustment of the con-
necting rod is thus effected ;—At the back, or within the end of the trunk, is secured a single eye
fixed within a small cylinder, termed the adjusting tube, forming a portion of the trunk, projecting

it a distance from, and equal to the length of the stroke of the engine. The securing end of the
single eye is bored throughout its length to admit a rod, the end of which acts against the inside
brass. Adjustment is attained by the outer end of the rod being connected to the extremity of the
adjusting tube. The connecting rod is forked at the trunk end. The connection with the crank-
pin is effected by securing bolts, brasses, and stop-pins of the ordinary kind.

The supply steam enters the top valve-casing secured on the slide-valve casing of the engine
nearest the boiler. The expansion-valves are so situated to be instantaneously effective. The feed
and bilge pumps derive their motion from the plunger or trunk of the air-pump ; and their valves
and boxes are at the back of the discharge-chamber, fitted with the suitable springs and adjustable
connections. The shifting valves are secured at the back of each air-pump ; underneath the latter

is a passage from the condenser, by which a certain drain is secured. The injection-valves are at

the side of each condenser, near the starting wheel, thus ensuring ready manipulation, without
inconvenience; the cylinders are fitted with the necessary relief and blow-through valves; and
lubricators are fixed at each end of the cylinder.

Single Piston-rod Engines, by Humphrys and Tennant, Fig. 6789.— The cylinders are here

6789.

secured together on one side of the crank-shaft, and have double-ported equilibrium slide-valves,

packed at the back with a ring and gasket. The pistons are cast hollow, with ribs to retain the
requisite strength while under pressure. The piston-rod is secured by a nut at the back of the
piston. The stuffing box is the ordinary kind ; the gland being adjusted by studs and nuts. The
lubrication of the piston-rod is maintained by an oil cup, or channel, encompassing the rod beyond
the packing gland, forming a part of the bush in the latter. In order to prevent the oil wasting by
the motion of the piston-rod, a stuffing box and gland is placed beyond the oil-chamber, and thus
economy of lubrication is ensured. The form of the piston-rod at the connection with the guide-
block is similar to the letter H on its side.

The guide-block for the piston-rod is in halves, each portion being almost a duplicate of the
other. ^ At the under side of the block, below the piston-rod, flanges are cast; and underneath
these is arranged a plain surface, termed the slipper or shoe. The line of contact of the slipper and
the block is at an angle ; thus it can always be adjusted by a stud and nut used for that purpose.
The section of the guide-channel is of a double bracket, the under side being connected. The con-
necting rod is of a forked form clasping the sides of the block ; the pin, forming the attachment,
being situated in the centre of the block. The whole is adjusted by secnring-bolts over and under
the block-pin; the strains imposed on these bolts are, of course, equivalent to that exerted on and
against the piston-rod, therefore the areas are equal. The nuts of the securing-bolts are prevented
from coming loose by stop-rings, pins, and outside keys. The crank end of the connecting rod is
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semi-solid, adjusted by securmg-bolts, similar to those for the guide-block. The brasses are circular,

retained by their contact with the securing-bolts, and thus angular seats are obviated. Suitable

flanges prevent lateral movement, and lubrication is obtained by the wiper and suspended can, as

for the guide-pin. The cranks and shaft are in one forging, of plain exterior, consistent with

uniformity and strength.

The main frames next claim attention. The main frames are of cast iron, forming at the base,

between the cylinders and crank-shaft, a floor that is connected to the condenser in the centre of

each bearing.

The guide-channel for the guide-block is secured by studs and nuts, being a separate casting.

Between the guide-channel projection and the supports for the crank-shaft a transverse connection

of the framing throughout is introduced, in order to ensure a perfect casting. The brasses in the

main supports are the ordinary kind, adjusted with securing-bolts and nuts. It will be noticed that

the frames between the cylinders and the crank-shaft supports are raised proportionately to the

preceding examples, but very slightly from the base line, at the connections with the cylinders and
the condensers. In order to resist the direct strain above the centre of the crank-shaft, a stay is

secured between each frame to support the front of the cylinders, and by that connection the

requisite resistance against the side strains is obtained. Each of the main bearings is provided

with oil-chambers and water-tubes—the latter being required only in the case of heated bearings.

Eeturn Connecting-rod Screw Engines, by Maudslay, Sons, and Field, Figs. 6790, 6791.—The cylin-

ders are secured together opposite the condensers, each pair being situated at the port and starboard
sides of the keel of the hull. They are fitted with double-ported equilibrium slide-valves, the
packing at the back being of the ordinary kind, and having a communication from the condenser,
which assists to reduce the face friction. The supply steam enters the slide-casing through that
for the expansion-valve, the latter casing being on the top of the former. Each casing is separately
supplied with steam, so that an independent action is preserved.

In order to preserve a direct action from the eccentric, the slotted link is arranged to rest on the
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block-pin when the link is lowered. "With slide-valves of maximum area, two rods are introduced,

each of which is fixed by nuts to a cross-head ; and bracket bushes, secured to the main frame,

form guides, through which the slide-rods pass. The link block -pin is secured to the cross-head

at the back to retain a certain length of eccentric rod.

For raising and lowering the link, below the link, in the centre of the length of the main frames,

is a weigh-shaft. On this is fixed a double lever, to which at one extremity is hung a counter-

balance, and the other is connected to a vertioal rod. This rod is attached at the upper end to a
coarsely-pitched screwed rod, which passes through or fits in a bush supported in a standard, the

latter being secured on the slide-valve casing. The bush forms part of a mitre pinion, which gears
with another pinion fixed on the hand-wheel shaft. On motion being imparted to the mitre-gearing,

the double lever by its connection with the {screw, will be raised and lowered. The connection of

the lever with the link is by a rod, the latter being attached to the centre of the length of the link

at the one end, and to the lever by a slot and pin at the other. By this connection an almost equal
action is imparted to the slide-valve, whether the link is raised or lowered. The position of the
starting platform is between the condensers, each engine having separate starting gear.

r~ri i"i \\s*

The hand-wheels are situated directly over the connecting rods, about midway of the length of

the guide-channels ; the other manipulating gear being close at hand.

The main brasses are fitted with caps, bolts, and nuts. It will be noticed that the centre frame
has a double bearing, the central space being provided for the spur-wheel which imparts motion to

the expansion-valves. The crank-shaft is in one forging ; the connecting rods are singly connected
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at each end with semi-solid heads and caps, adjusted by securing-bolts and nuts, and having suit-

able oil-cans and wipers for lubrication.

Fig. 6792 is the plan of an arrangement of single piston-rod direct-acting engines by J. and W.
Dudgeon. Each arrangement is separate, without any connection of the working portions. The
cylinders are the compound Mnd; the high pressure within the low. Three piston-rods are
required for each engine, the centre rod being connected to the high-pressure piston. The guide-
channels—below each piston-rod, connected to the annular piston—are the ordinary kind, arranged
to receive slipper-blocks. The cross-head is secured to the piston-rod by nuts, and turned on each
side of the central connection to receive the forked end of the connecting rod, which is of the
T-end kind, with flat brasses, caps, and securing-bolts. The main frame, crank-shaft supports, and
the connecting portions are in one casting, secured at the back and to the steam-cylinders. The
brasses for the main bearings are adjusted, at an angle, by the ordinary securing-bolts and caps.
The slide-valves are double-ported, to supply and exhaust the steam simultaneously from the
respective cylinders, one valve only being requisite to each engine. The larger cylinder is double-
ported on each side of the exhaust-port, and the passages, at the back and front end, communicate
with the high-pressure cylinder.

END
ELEVATION

The link is two solid bars, connected transversely at the extremities. The block is inserted in
a single eye, which forms the extremity of the valve-rod. Each bar of the link clasps the block,
suitable recesses being formed for that purpose. The eccentric rods are connected to the outsides of
each bar, and secured by separate pins. The lifting rod is connected, at the lower end, to the centre
of the length of the link ; the upper end being attached to a lever, whose shaft is supported in
brackets, the latter being secured to the front of the cylinder. Motion is imparted to the lever
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weight-shaft by a toothed quadrant keyed thereon. The hand-wheels are horizontally seemed on
vertical shafts ; the latter are formed with worms, which gear with the quadrants. The wheels in

question are situated at the inner extremities of each main framing. The starting platform, above
the steam piping, supports the wheel-shaft columns, thus combining simplicity of connection with
economy of construction.

The condensers, seen beyond the cylinders, Fig. 6792, at the back of the same, are the surface

kind. The motion requisite for the air and circulating pumps, double acting, is derived from the
steam-pistons. The exhaust steam enters the condenser at the top by separate pipes, connecting
with the exhaust-passages on the cylinders. The supply steam pipe is placed almost in the centre

of the entire arrangement, passing from end to end, and thus being common to each slide-casing.

The feed and bilge pumps are worked by arms secured on each air-pump rod. The valve-boxes
are secured at the sides of each condenser, to facilitate access for inspection and repair.

6795.

TRANSVERSE

SECTIONAL

EiEVATiON .

vzsa

Figs. 6793 to 6798 are of a neat arrangement of compound endues by Day, Summers, and Oo.

Fig. 6793 is the end elevation, which shows the valve-handles and starting gear on the right hand

of "the crank-shafc, near the floor line, the gear being the rack-and-pinion type with the rack

attached at an angle to the lever of the weight-shaft, on which are secured the two levers in con-

nection with the links by the twin side rods.

The pump-motion gear is simple, being the general lever kind, with the usual link attachment

to the main cross-head pin of the piston-rod. Above this is the high-pressure valve-casing, with

the stop-valve casing at the right-hand side, and beyond that is the outline of the cylinder, with

the indicator tubing shown on the leU-hand side.

In the plan, Fig. 6794, is seen tue receiver connecting the high and low cylinders on both sides

there is, however, not much detail to direct attention to, because the two views correspond.

8 T
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Fig. 6795 is a transverse sectional elevation, which shows sections of the low-pressure cylinder,

surface condenser, and air-pump. The cross-head guide-block of the main steam piston-rod is

6794,

PLAN«
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novel in design and arrangement, consisting of a block formed with the rod, and a cap on the
lower half, secured by bolts and nuts that also adjust the wearing surfaces around the cross-head
pin ; the lateral adjustment of the working surfaces at the sides is attained by screw wedges with
nuts at each end.

-^ :'¡+
SECTIONAL

ELE'ATION

OP

CYLINDER

AMD

MAIN FRAME
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Fig, 6796 is the sectional plan of the cylinders, slide-valves, casings, and pistons, showing the
receiver that connects the high-pressure and low-pressure cylinders ; and on the left-hand side are

the condenser-pumps and brackets, opposite to which is the foundation framing, on which the

guide-frames are supported. The slide-valve of the high-pressure cylinder, Fig. 6797, is single-

ported, with no extra cut-off valve at the back, the grade of expansion being attained by shifting

the link-motion. The slide-valve of the low-pressure is double-ported, or equilibrium double-
ported. The cross-heads are shown complete with the block-head in section, as also are the
cranked shaft bearings and the lower frame bearers. Fig. 6798' is the sectional plan of the
condenser and main frame ; the air and circulating pumps are also in section, to show the number
of the piston-valves in the one case and the discharge-valves in the other. The sections of the main
frame and condenser clearly explain its form and the necessary ribs to obtain the requisite

strength.

The following are the dimensions of these engines, which are of 300 horse-power, and were built
for the Royal Mail Company's screw steamer Lirley;—Nominal horse-power collective, 300;
diameter of high-pressure cylinder, 36 in. ; diameter of low-pressure cylinder, 72 in. ; length of
stroke. 4 ft. 2 in. ; diameter of air and circulating pumps. 30 in. ; diameter of feed and bils,e pumps,

8 T 2
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5 in. ; number of tubes in each condenser, 2064 ; length of tubes in each condenser, 7 ft. 6 in. ;

condensing surface in each condenser, 3040 ; diameter of propeller, 15 ft. ; number of blades in

6798.
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SECTIONAL PLAN OF CONDENSER AND MAIN FRAME

each propeller, 4 ; pitch of propeller, 19 ft. uniform ; number of boilers, 4 ; diameter of boilers,

oval, 14 ft. 3J in. high x 10 ft. 2| in. wide ; length of boilers, 8 ft. 5 in. ; total number of tubes in

all boilers, 864 ; total heating surface in all boilers, 5005 ßq. ft. ; total number of furnaces, 12 ; area

of total number of furnaces, 186 ' 7 sq. ft. ; size of funnel, 6 ft. diameter ; load on safety-valve, 60 lbs.

the square inch ;
pressure in boilers on at full trial power, 60 lbs. ; vacuum in condenser on trial

at full power, 26 in. ; average revolutions a minute on trial at full power, 71 ; average indicated

horse-power, both engines, high-pressure cylinder 754, low-pressure cylinder 806—total, 1560.

Table I.

—

Aveeage Consumption or Coal, to each Indicated Hoese-power an Hole, by Steam Ships
with Compound Engines in Long Sea Voyages.

Class A Compound Engines with one High and one Low pressure vertical Cylinder, working two cranks at right angles.

„ B „ „ two „ two „ inclined Cylinders, „ two „ opposite each other.

„ C „ » two „ two „ vertical „ „ two „ at rigbt angles, cylinders

, combined, annular.

„ E „ >,
two , two „ vertical „ „ two „ at right angles, cylinders

combined, high at top.

Engines. Cylinders.
Revs,
a

Piston
Speed

Screw
Propeller
diameter.

Indicated Horse-power. Steam Pressure. Coal Consumption.

No. Class.

Diameter.
Stroke. High. Low. Total. Boiler.

Mean Effective. Every
24

Each Ind.

H. P. anmin.
High. Low. Highcyl. Low cyl. hours. hour.

in. in. in. No. ft. ft. H. P. H. P. H. P. lbs. lbs. lbs. tons. lbs.

1 A 42 75 42 47 329 17 373 420 793 58 27-0 10-3 24-5 2-80
2 A 45 80 36 51 306 15§ 476 349 825 51 34-2 7-5 23-0 2-60
3 A 36 72 50 50 417 14| 467 393 860 46 36-4 7-6 24-0 2-60
4 A 62 112 48 47* 381 18 787 665 1452 45 22-6 5-8 33-8 2-18
5 A 38 68 33 61 335 12 298 311 609 45 25-8 8-4 13-8 2-12
6 C 22 52 36 55 330 14 292 204 , 496 48 38*6 6-5 11-2 212
7 A 34 59 36 58 348 16 304 336 640 55 35-8 10-5 14-5 2-11
8 A 51 86 48 54 434 18 723 766 1489 49 26-9 100 33-2 208
9 A 46 80 39 65 422 14 527 710 1237 54 24-8 11-0 27*6 2*08

10 A 60 104 48 60 480 18 1027 1493 2520 52 25-0 12-1 55-8 207
11 A 41 70 39 70 455 15 361 525 886 58 20-8

1

9-6 19-5 2-05
12 A 46 82 48 54 432 17 761 633 1394 54 35-0 9-1 30-0 2*01
13 A 48 2

i 84£ 42 61 427 16 669 700 1369 55 28-0 9-6 30-0 200
14 A 34¿ 60 36 53 316 15 222 226 448 54 15-0 8-4 96 200
15 A 46 80 39 .. 14* .. 50 ,. _ , 19-4 1-99
16 A 36 72 36 52 433 14| 457 401 858 54 34-2 7-5 18'4 1-95
17 A 26 52 50 51 306 17 153 211 364 53 31-0 10-7 7-6 1-94
18 A 44 78 42 57 399 15* 456 508 964 60 24'8

;

8-7 16-5 1-70
19 B 38 76 51 25¿ 216 Paddle 553 432 985 55 37*3 7'3 18-0 1-70

Average Consumption of Coal, lbs. each Ind. H. P. an hour, 2*11
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Table II.

—

Boilers op Compound Marine Engines.

2853

Boiler Shell. Furnace Flues. Tubes.
Fire-

Steam
Pres-

sure
work-
ing.

Total Heating Surface.

En-
gine.

No.

No. of

Boilers
Diameter. T ., Thick-

Len^h - ness.

Total
No.

Dia-
meter.

Total
No.

Length.
Diam.
ex-

ternal.

grate

Area
total.

Tubes.
Furnaces,

&c.
Total.

No. ft. in. ft. in. in. No. ft. in. No. ft. in. in. sq. ft. lbs. sq. ft. sq. ft. sq. ft.

20 6 14 3 10 4 87 18 3 6 1260 7 5 3 50 315 60 8615 1986 10,601
21 6 10 8 17 87 24 3 1392 6 9 3- 50 432 65 8602 1536 10,138
10 3 12 3 16 78 18 3 960 6 9 3- 75 297 56 6355 1325 7,680
4 8 12 8 75 24 3 1 1392 5 6 2" 75 333 50 5510 1745 7,255

22 3 11 5 17 75 18 2 10 1110 6 6 3" 00 306 60 5061 1422 7,083
23 3 12 3 16 81 18 3 1 924 6 9 3- 75 279 60 6122 856 6,978
8 2 13 4 18 8 81 12 3 3 840 7 6 3- 62 228 60 5959 968 6,927

13 2 13 3 18 87 12 3 3 868 6 6 3- 50 234 55 5060 1150 6,210
12 2 12 7 17 1 75 12 3 868 7 3' 25 216 60 5164 902 6,066
24 4 12 8 11 75 12 3 876 6 o 3 00 180 60 4042 1026 5,068
2 4 10xl3| ft. 9 5 62 12 2 10 600 7 3 50 187 52 3850 1158 5,008
3 4 10x131 ft. 9 5 62 12 2 10 600 7 3 50 187 54 3850 1158 5,008
18 2 10 6 17 6 69 8 3 3 816 6 4 3 00 182 60 4000 720 4,720
16 2 12 3 17 6 75 8 3 6 552 7 6 3 75 168 55 4067 575 4,642
25 2 12 16 5 75 12 2 10 576 7 3 50 170 60 3132 1191 4,323
26 2 12 3 17 6 75 12 3 1 480 7 6 3 75 185 54 3534 763 4,297
1 2 13 1 10 7 87 8 2 10 456 8 3 50 136 60 3342 726 4,068

19 2 12 16 6 75 12 3 472 7 3 75 180 55 3243 761 4,004
15 2 12 12 •75 12 3 904 5 2 62 189 50 3104 526 3,630
27 2 10 10 12 8 •75 8 3 1 768 5 2 3 00 120 64 3078 460 3,538
28 2 10 6 15 •75 8 3 1 640 6 3 00 135 60 3014 475 3,489
9 2 11 9 12 6 •75 12 2 10 816 5 2 62 170 56 2799 623 . 3,422
7 2 14 3 9 3 87 6 3 6 420 6 3 3 75 115 60 2557 603 3,160

11 2 11 13 6 75 8 3 568 5 6 3 25 114 60 2607 491 3,098
14 1 13 6 15 9 87 6 3 2 396 6 4 3 50 107 60 2268 427 2,695
6 2 9x14 ft. 9 2 •56 4 3 3 324 6 6 3 •50 76 65 1790 502 2,292
5 1 12 12 75 6 3 1 506 5 2 •62 104 48 1738 289 2,027

17 2 9 10 10 1 62 4 2 11 268 7 3 3-25 66 50 1677 305 1,982

Table III.—SURFACE Condensers op Compound Marine Engines.

Engines. Cyls. Diam.

Revs.
a

minute.

u
(O

Steam
Pressure
working.

Condenser Tubes.
fcC

g

Circulating Pump.
Con-

No. Class. High. Low.
«5M soo a

"eS ¿.9
2 » M
^ o © Number.

Dì
Length. «

tei

am.
s.-

•nal.

Space
between.

S «

s G '—

o o S
Diam. Stroke.

denser
vacuum
working.

in. in. in. No. H. P. lbs. No. ft. in. i n. in. sq. ft. in. in. Ins. Mer.

20 A 56 97 48 m # . . 60 2000 8 6 1 00 •75 4459 Centrifugal 25*
21 A 60 106 54 m t , # 65 2419 15 6 75 •37 7361 17 D 24 D 27*
10 A 60 104 48 60 2520 56 2257 14 1 75 •35 6249 13! D 26! D 27f
4 A 62 112 48 47! 1452 50 2415 14 1 75 •35 6666 13* D 32* D 28

22 A 50 88 45 53 . ^ 60 1706 6 7 1 00 •62 2934 26 s 22! 8 25

23 A 60 104 48 . . « # 60 2256 14 75 •35 6201 16 D 24 D 28|

8 A 51 86 48 54 1489 60 1759 8 6 1 00 •75 3914 Centrifugal 26¿

13 A 48* 84i 42 61 1369 55 1725 13 4 75 •37 4504 19* s 16 D 28
12 A 46 82 48 54 1394 60 2304 6 9 1 00 •62 4078 26 s 25* S 25
24 A 49* 86 45 . . # . 90 1740 11 6 75 •35 3929 20 s 21 D 27|
2 A 45 80 36 51 825 52 4872 5 6 56 •44 3944 36 s 24 S 26

3 A 36 72 50 50 869 54 2064 7 6 75 •37 3040 30 s 25 S 26
18 A 44 78 42 57 964 60 1338 12 7 •75 •37 3250 18* s 15 D 29

16 A 36 72 50 52 858 55 2064 7 6 75 •37 3040 30 s 25 S 27
25 A 46 82 42 . . 60 1228 11 6 75 •35 3773 20 s 18 D 27
26 A 36 72 40 52 780 54 2004 7 6 '75 •37 3040 30 s 25 S 27
1 A 42 75 42 47 793 60 1797 6 1 00 32 2821 26 s 21 S 26

19 B 38 76 51 25| Pad. 985 55 1663 8 3 '75 •35 2694 16 D 20 D 27*
15 A 46 80 39 m # . , 50 1292 10 10 '75 •35 275S 16 s 20* D 2 S

27 A 39* 68 42 # # . . 64 1170 9 9 '75 •35 2240 20 s 16 D 27
28 E 26 26 52 52 42 45 820 60 1900 6 3 •75 •50 2400 24 s 23 S 26*
9 A 46 80 39 65 1237 56 1289 10 10 •75 •35 2752 16 s 20* D -TV

7 A 34 59 36 58 640 60 1342 7 2 1 •00 •75 2573 Centrifugal 28

11 A 41 70 39 70 886 60 898 12 5 •75 •35 2 IS',» 14 s ni s 27
14 A 34* 60 36 53 448 60 890 7 9 1 00 •75 1811 21 s 36 S 27
6 C 22 52 36 55 496 65 608 7 10 1 •00 •87 1246 22 s IS S 26|
5 A 38 68 33 61 609 48 911 9 2 •75 •35 1654 13 s 15f 7) 28*
17 A 26 52 36 51 364 50 944 6 •75 •31 1112 20* s 19 S 27
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Tables 1., II., and III., giving various particulars relating to compound engines, are taken from
a most interesting paper read by Fredk. J Bramwell, before the Inst Mechanical Engineers in
1872. In Table III., under column " Circulating Pump," Diameter

—

s denotes single pump, d,

double pump ; Stroke

—

S, single acting, D, double 'acting..

680&
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Steam-Launch Screw Engines.—Steam launches are used iu place of the twelve or sixteen oar«, d
boats that were formerly employed as tenders to men-of-war. The row-bor.t* were propelled at the
rate of about 7 miles an hour, but the steam launch runs 12 milcB an hour with ease The boilers
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«807.

Arrxxjigeragitb of'Levers far
tylzrvler hlow through/

ancLSlLde' Casina.

used with steam launches are usually of the locomotive class, and the engines vertical, either secured
to the shell at the fire-box end or to the smoke-box. N. P. Burgh having to design launch engines
for Maltese service, has ignored the usual arrangements, and placed

the engines at an angle under the smoke-box, thus making the
support for that box the securing plate for the engines. The illus-

trations, Figs. 6799 to 6809, show a side elevation of Burgh's
engines, sections and complete views. The arrangement consists

of four cylinders, each pair being in one casting, and secured to

the box support plate, as in plan Fig. 6804. Fig. 6805 is the end
elevation, and Fig. 6806 shows sections through one cylinder, and
also through the slipper guide bracket. Fig. 6807 is a skeleton

arrangement of the lever-gear for the blow-through cocks, show-
ing that one hand manipulates the entire set. One of the im-
provements Burgh introduced was placing the supply steam pipes

inside the boiler, and forming the steam-cocks with double branches
for that purpose, as shown in section and complete views by Figs.

Í808, 6810 ; after the pipes passed through the boiler they were

6808.

.' 6809.

6810,

curved down on each side of the flame-tubes in the smoke-box, Fig. 6809. To make this arrange-
ment fully understood we have illustrated its application in a launch, as shown in four views,
Figs. 6799 to 6802.

See Marine Engine. Stationary Engine.
SOKEW-MAKING MACHINE.
Figs. 681 1 to 6815 refer to a machine for turning and nicking the heads of joiners' and other

wood screws. The machine has been brought to its present form through a number of ingenious
combinations, but the most important feature about it, the feeding arrangement, and the method of
driving and stopping the spindle, is the invention of Wm. Avery.

Fig. 6811 is a front elevation; Fig. 6812, back elevation; Fig. 6813, plan with the V trough
for holding the hopper or rough screw-blanks, drawn in dotted outline only, to show the mechanism
below more clearly. Figs. 6814, 6815, end elevations.

The screw-blanks are formed from wire of the size required for the body of the screws, in a
heading machine, into which the wire is fed by an intermittent motion through a die. The wire is

then cut off to the required length, and the short length held in the die has a head formed on it

by the wire being pressed into a conical recess in the die by a plunger ; or if a rose head is to be
formed, the recess of corresponding shape is formed in the plunger. The blanks thus produced have
burrs and irregularities on the heads, which it is one of the objects of the machine illustrated to

remove by a turning process. The formation of the nick across the head for the screw-driver is also

effected in the same machine.
The screw-blanks are taken from the heading machine, and after annealing, when that is neces-

sary, are thrown loosely into the hopper or trough a. The machine being set in motion, a fork or
picker-up b is caused by the frame c, operated by the cams d, e, to vibrate forward and dip its

points down into the irregular mass of screw-blanks in the hopper, tilting up as it goes back, as in
Figs. 6811, 6812, certain of the screw-blanks being caught with their stems between the blades of
the fork and suspended by their heads. The fork 6 is then brought back so that its hinder part
comes in line with a pair of curved cheeks /, forming a kind of railway down which the blanks slide
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from the fork, icb, it will be seen, is thus the feeding instrument. It is arranged to act once only
for every two or three screw-blanks turned and nicked, as it generally picks up several blanks at

each movement. As the blanks are sliding down the curved railway/, the lowermost blank drops
in a horizontal position between the jaws of a pair of yielding nippers g, and is there held until

required. It is then seized by another pair of nippers h and moved downwards, still being held

6811.

6812.

horizontally, out of the grip of the first-named nippers g, and brought opposite to the end of h

revolving spindle- i, furnished with holding-jaws or chucks k. The spindle i being stopped for an

instant, and the jaws having been opened to liberate the blank last finished, the plain end of the

new blank is thrust by a finger / into the jaws, which then close, the nippers h retire, and

the spindle and blank are set revolving ; a back-stay is brought up to support and steady the blank
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and cutter m. This cutter is fixed into the oscillating tool-rest n, and is shaped to suit the head to

be turned. It is applied gradually, and the head roughly turned, after which the cutter m is with-

drawn, the spindle », with its partly-turned blank, stopped, and a brake applied to prevent their
revolving, while the revolving saw o is brought forward by the levers p, q, r, and cams s, t, and cuts
the nick in the head of the blank. "When this is done, the saw retreats, the spindle and blank
revolve again, the culter m is brought up a second time, but with a slower feed, and the burrs
left by the nicking saw are removed, and the head generally smoothed and finished, the spindle »

stops again, the jaws or chucks open, and at that instant a pair of discharging fingers u on an
oscillating arm v are moved forward to seize the finished blank ; sidewise, to remove it from the
chuck, and backwards into the position shown. When the tail-piece of the fingers comes against
a stop w on the frame they are opened, and the completed blank drops down the shoot x into a
receiving vessel beneath.

The whole of the motions above described are self-acting, so that after the rough blanks are
thrown loosely into the hopper or trough a, they are not touched by the operative until they are
removed to the worming machine, where the thread is cut.

In the worming machine, similar means are adopted to feed the blanks into the machine, and to
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insert them into the chuck of the spindle, the only difference being such as is incidental to the

introduction of the head of the blank into the chuck instead of the end. The thread is cut by
a single V cutter, to which the requisite traversing motion is given by means of a mandrel screw

and comb.
An ingenious plan has been adopted in these machines to save labour, and consumption of steel

in the cutters. The plan has been to turn a ring of tool steel of just such a section on the outer

edge that it will fit the finished head of the screw, as shown in Fig. 6813. This ring of steel is then

cut into two or more pieces, and each piece forms a cutter of considerable length, which turns both

the top and under side of the head, and only requires grinding to the proper angle to keep it in

working order until worn too short to use.

See Pin-making Machine.
SCREWING MACHINE. Fe., Machine à tarauder ; Ger., Schraubenmaschine ; Ital., Macchina

da viti ; Span., Máquina para hacer tomillos.

See Machine Tools.
SCREW-JACK. Fb., Crie à vis ; Gek., Hebeschraübe ; Ital., Cricco a vite ; Span., Gato.

See Hand-Tools.
SEAT. Fr., Siege ; Geo., Sitz ; Ital., Sede ; Span., Asiento.

In machinery, a seat is that part upon which another part rests ; as a valve-seat.

SEA WALL. Fr., Mur a la Mer; Ger., See Wall; Ital., Murazzo; Span., Murallas de mar.

Sea walls occupy an intermediate position between reservoir walls and breakwaters. They
resemble the former in being required to withstand the pressure of still water, and the latter in

being exposed to the action of waves. Thus they partake of the nature of both of these structures,

and their construction must consequently be in accordance with the conditions which these have
respectively to fulfil* The considerations respecting those conditions, and the calculations necessary

to duly provide for them, having been already treated at length, we have only to point out briefly

their application 'to the present case, and to describe certain features which are peculiar to it.

Frequently, sea walls are erected to protect the land from the encroachments of the sea. In such

a case, the structure partakes of the character of a retaining wall, and must be constructed accord-

ingly. But in any case, whether the conditions to which the wall is subject approach more nearly

to those of a retaining wall or a reservoir wall, its face is exposed to the action of waves, and it

becomes, therefore, important to consider the nature and the effects of this action.

Rankine, who continued the investigations of Scott Russell, states that when waves roll straight

against a vertical wall, as in Fig. 6816, they are reflected, and the particles of water for a certain

distance in front of the wall have motions compounded of those
6816

due to the direct and to the reflected waves. The results are of

the following kind ;—The particles in contact with the wall, as

at A, move up and down through a height equal to double the
original height of the waves, and so also do those at half a wave
length from the wall, as at C ; the particles at a quarter a wave
length from the wall, as at B, move backwards and forwards
horizontally, and intermediate particles oscillate in lines inclined

at various angles.

It is not essential that the face of the wall should be vertical, as in the figure, in order to reflect

the waves ; it will reflect them when the batter is considerable. According to Scott Russell, it

will do so even with a batter of 45°.

Thus it will be seen that the action of a wave is to lift the stones in the face of the wall against

which it breaks, and this fact must be borne in mind in designing the wall. For the same reason,

the cope should not project beyond the face, as in such a case it would offer a surface to the crest of
the wave. It should also consist of large stones sufficient to resist by their own weight the pressure
due to the greatest height of a wave above its bed ; they should also be dowelled to each other.

Whenever possible, the cope should be raised above the crest of the highest wave when augmented
in height by reflection. It has been ascertained that the most powerful action of waves occurs at

half-tide when the shoreward current is strong. The largest blocks in the face of the wall should
therefore be placed at that level. The fall of the wave when reflected from the face of the wall
causes a very severe undermining action at the foot. This action may be resisted by a flat stone
pitching having no bond with the wall, or by a bed of concrete 2 ft. broad by 1 ft. thick, joining
the walL A series of groins will also do good service in protecting the foot of the wall. In some
cases the undermining action has been diminished by forming the face of the wall into steps, so

as to break the descent of the water. This mode of forming the face is, however, very objectionable,

and should never be resorted to.

When the wall is of stone, the face should be composed of hammer-dressed ashlar, or block-in-

course. In masonry exposed to violent blows from waves, the stones forming the face have a ten-
dency to jump out. This is partly occasioned by infiltrations of water through the joints, which
water, being compressed by the blow, exerts a pressure tending to force the stone outwards. To
counteract this tendency, when the action of the waves is very severe, the stones of the face may be
dovetailed into each other and tabled with the next course. This constitutes the most effective

remedy, but it requires to be executed with great care, and it entails a large additional expense,
instead of the dovetailing and tabling, iron cramps may be used ; these have been found to be
sufficient in many exposed situations. The stones in the face of the Plymouth breakwater are pro-
tected by this means. To prevent the infiltration of the water, the outer edges of the joints should
be laid in cement. Pointing is insufficient, as the shock of the waves will in a short time cause the
cement to jump out. The backing may be of coursed rubble, built in strong hydraulic mortar.
Sometimes strong concrete is used asa backing, and in many respects it is superior to rubble
masonry for this purpose. As the pressure is concentrata! towards the back of the wall at high water,
an inferior kind of masonry is not suitable to that position ; but a great objection to the employment
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6817.

of two classes of masonry or two kinds of material in any reservoir or sea wall is the inequality in
settling down. This inequality weakens, or in the worst cases destroys altogether, the cohesion of
the backing with the face of the wall. All structures of this nature should be homogeneous, and as
far as practicable monolithic. For this reason, sea walls have frequently been constructed wholly
of blocks of concrete, and when the concrete has been properly proportioned and prepared, such
walls are superior, in resisting qualities, to those constructed of rubble faced with block-in-course or
ashlar. But better than either, wherever the conditions are suitable, inasmuch as it fulfils per-

fectly the two conditions of homogeneity and monolithicity, is the employment of concrete in mass
for the whole of the wall. Concrete used for this purpose should be strong, and for a depth of
about 6 in. from the face should be composed of fine gravel. This gives the face a better

appearance, and enables it to withstand better the corroding action of the waves. In some exposed
situations, it may even be desirable to slightly increase the proportion of cement in this facing.

Where shingle or gravel is readily obtainable, walls may be constructed in this way at half the cost

of masonry.
When a sea wall is required to stand alone, that is, when there is no earthen embankment

behind it, it must be proportioned like a reservoir wall, the conditions being similar. But in the
case of the sea wall, we have an additional force to take into account, namely, that of the waves, and
additional strength must therefore be given to the sea wall to render its stability equal to that of

the reservoir wall established under similar conditions. It is difficult to estimate the force with
which a wave strikes against a vertical surface, but it is in all cases

great. As it is delivered in the form of a blow, it takes effect in

the most violent manner possible, and to render the wall capable

of withstanding the shock with perfect security, the proportions of

the reservoir wall will have to be considerably augmented. It is

usual, in the latter case, to make the thickness of the wall • 7 A,

•5 A, and *3 A at the bottom, middle, and top respectively ; A being
the height of the wall. In a sea wall, the conditions vary so much
that it is impossible to lay down anything like an absolute rule

;

but for exposed situations where a good foundation may be obtained,

the following may be relied upon as giving a minimum expenditure

of material with ample security. Let A be the depth of still water
in front of the wall at high water of spring tides, and A' equal to
1*5 A. Then the thickness of the wall may be h, *75 A, and '45 A

at the bottom, at half the height A', and at the height A' respec-

tively. The portion of the wall above this height, if any, should
be carried up with the same batter. Fig. 6817 represents the cross-

section of a wall proportioned by this rule.

In unexposed situations, where the violence of the waves is not
great, or when backed with earth, and especially when the wall is a monolithic concrete structure,

the proportions *7 h, '5 A, and *3 A, taken at the heights above indicated, will be sufficient.

A full investigation of the pressures to which this kind of wall is subjected, and a description
of the manner of its construction, will be found in the articles Damming and Betaining Walls.

SEWING- MACHINE. Fr., Machine à coudre; Ger., Nähmaschine ; Ital., Macchina da cucire;

Span., Máquina de coser.

See Boot-making Machinery, p. 496.

SHAPING MACHINE. Fr., Machine a limer; Ger., Feilmaschine; Ital., Pialletta; Span.,
Máquina de tallar.

See Machine Tools.
SIGNALS. Fr., Signaux des chemins de fer ; Ger., Eisenhahnsignale.

Railway Signals.—In considering the means to be employed for directing and ensuring the safety

of the traffic upon railways, it became evident that among other things some plan should be devised
if'or giving instructions and information to drivers and guards of trains as to the state of the road in

advance of them, or of the nearness of a preceding train, so that the speed and progress might be
judiciously regulated; the plan ultimately adopted as most suitable was that of the mechanical
contrivance known as signals.

Signals chiefly consist of variously shaped boards, painted a bright red colour on one side to indi-

cate danger, and in some cases green on the
other to indicate caution ; these boards are

fastened to a pole or mast attached to a post in

such a manner as to admit of their being turned
round, raised and lowered, or otherwise altered

in position so that in addition to representa-
tions by colours certain movements are made.

In most cases the engineers or the traffic

managers arranged their particular system of
signals, fixed or portable, without consideration
of those used on other lines, and the natural
result is that the forms and systems in use are
considerably diversified ; the first railways had
signals placed only at the principal stations
•and junctions, the intermediate portions of line
were regulated by policemen who had certain
"beats assigned to them, and who gave manual
signals to the drivers as necessity demanded ; danger was indicated by facing the approaching
train and elevating both hands above the head, Fig. 6818 ; the go slow or caution signal was given

6820. 6819. 6818.

ALL RIGHT CAUTION
GO SLOW

DANGER
STOP
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by one hand similarly held, Fig. 6819, and all right or line clear by extending the right hand from
the body horizontally, Fig. 6820. Red, green, or blue, and white flags were used "in many instances

in conjunction with and also instead of the manual signals ; gradually station or home fixed signals

were introduced throughout each railway, then distant or auxiliary signals worked by wires having
their levers concentrated at one locality, frequently in a cabin or signal box, for facilitating operation

by the men in charge ; this latter method has now to a great extent given place to a system of

interlocking the mechanism for moving the points and signals, and especially at junctions and large

stations ; these inventions for locking prevent the possibility of an all-right signal being given
when the road governed by that signal is fouled in consequence of a train being wholly upon it, or

through its being intersected by a train passing from another road.

6821. 6822.
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The most general form of signal is that of the semaphore ; it is an imitation of the old

telegraphy systems, the first of which appears to have been invented by a Dr Hooke in 1684,

Fig. 6821, and revised by a Rev. Mr. Gamble in 1795; it was then styled the radiated telegraph,

Fig 6822; further improvements were made in 1804, and in 1810 by Pasley, by Bear-Ádmiral

Popham in 1816, Fig. 6823, and by Pasley or Macdonald in 1822, when the system was termed the

Universal Telegraph, Fig. 6824 ; it was similar in detail to the French coast semaphore in use

in 1803.

The semaphore signals as used on the railways are constructed with arms upon both sides of a

mast fixed upon a centre pin free to move up and' down ; those on the left-hand side, as seen when
facing the signal, are as a rule to govern the left roads, and there are as many arms as roads or

descriptions of trains to be regulated, Figs. 6825, 6826. It has been found desirable to further dis-

tinguish the arms by numbers or letters painted upon them, or by affixing pieces of shaped iron or

board, corresponding with the understood number or letter of the several roads, Figs. 6827, 6S28.
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On the Hull and Holderness line the arms were moved upon a pin placed in the centre of its
length, Figs. 6829, 6830, and a similar method is adopted in situations where there is little room or
where masts cannot be erected, as upon the London underground railways, Figs. 6831 to 6833, and
Victoria Station, London, Chatham, and Dover Railway, Figs. 6834, 6835.
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The fixed signals formerly in use on the Great Western were red and green flags stretched upon
semicircular hoops attached to a mast, and drawn open and close by means of cords and pulleys,
Fig. 6836 ; these were abandoned for the cross-bar and disc painted red, Figs. 6837, 6838, and
fantail painted red on one side and green on the other, Figs. 6839, 6840. The down line cross-bar
is distinguished from the up line by having two downward ears affixed to the ends of the bar.
Junction signals have double discs and cross-bars, Figs. 6841, 6842. The fantail signal is con-
siderably lower than the cross-bar, aid is principally used for giving the caution, Fig. 6840 ; the
danger is shown by Fig. 6839. The cross-bar and disc form has been proved to be the most clearly
discernihle at a great distance.

The Lancashire and Yorkshire Eailway has spectacle discs fixed to masts which turn round,
tfigs. 6843, 6844 ; similar discs for distant signals are used on the Brighton line, but instead of turn-
ing round they are made to rise and fall by a balance weight on a short lever, Figs. 6845 to 6847.
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STOP

BOTH LINES

ALL

The distant signals of the Midland Railway consist of a rectangular board painted red and
affixed to a turning post, Figs. 6848, 6849.

Circular and square discs are used on the North-Eastern Railway, Figs. 6850 to 6853.

The original signals of the South-

Western were semi-discs placed on a 6854. 6855. 6856. 6857.

pin within a ring, Fig. 6854, and
capable of revolving by means of ropes

and pulleys ; those foi* the station and
distant have the disc fixed to the

ring, Figs. 6855, 6856, the mast being

turned round. Branch -line signals

have a wide green ring fixed round
a lamp below the ordinary disc,

Fig. 6857.

The forms of special signals are

as various as the general ones ; the

following exhibit a few examples ;

—

Fig. 6858 is a semaphore on the

South London line Figs. 6859, 6860,

are used at the Broad-street station

for starting trains ; Figs. 6861, 6862,

at the Camden goods shed, Chalk
Farm; Fig. 6863, a signal on the

Blackwall line ; Figs. 6864, 6865, on
the Brighton and South Coast.

Foot signals and lights attached

to points to indicate their position

STOP

DOWN
UP

RIGHT

LINE

BRANCH
LINES

6858.

S

6859. 6860. 6861. 6862.

O
3

W
m

r*Ar

are extensively used and variously

constructed, principally with small
discs affixed to the top of the lamp,
and which turn with the throw of the
points, Figs. 6866 to 6868.

Several lines have adopted a plat-

6863.

form starting signal, in most cases
/f

?==

6864. 6865.

6866. 6867.

6868.

consisting ofa miniature semaphore,
worked from the cabins, and fre-

quently in connection with a main
signal beyond and outside the station.

Where these are in use manual sig-

nals are prohibited, and no driver
may start his train until the arm is

lowered.

Many branch-line and other junc-
tions have the points attached to
an indicator, the invention of John
Stevens, in 1862, Fi<?s. 6869 to 6871,
when they are not interlocked with
the main signals, so that the drivers
may see at some distance whether or not they are properly set. The points must be quite close to

the rail to admit of the green or white light being seen. If the white light shows, the line is right
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RIGHT FOR
MAIN LINE

RIGHT FOR
BRANCH LINE

for the main line ; if the green, it is clear for the branch ; and if the red, the points are not in

a position for either line.

Among the early attempts in signal con- 68g9. (j870. 6871.

struction, three may be noted as possessing

some novelty. In 1838 a disc signal was
in use at the Vauxhall Bridge, Birmingham,
the invention of a Dr. Church ; it was con-
nected to the points and stood about 5 ft.

high ; two discs, 2 ft. in diameter, were fixed

on the top at right angles to each other,

and surmounted by a lamp showing two
red lights, one blue and one white; the
discs were painted with colours to corre-

spond. In 1842 C. Hall introduced a
system on the Great Eastern line ; the
¡signal consisted of five leaves placed in the
shape of a fan on a mast, and coloured
yellow, green, red, and white, Figs. 6874
to 6876 ; each leaf indicated the time a
train had passed it ; a green post was fixed

POINTS NOT
RIGHT FOR
EITHER LINE

6872. 6873. 6874. 6875. 6876.

View Icucxng Tratta Side View.

at the side of the line 100 yds. in advance of the signal, beyond which no train was to pass if the
fan exhibited the red leaf ; a green and white striped post was also fixed at a mile beyond the

signal ; and if the fan showed the seven or nine minute colour when passed, the driver might put
on moderate or full speed on reaching the striped post. These signals were in use several years.

On the Greenwich Railway plain posts were fixed to each road at half a mile on either side

of the junction, on reaching which the driver opened the engine whistle, and the switchman
notified by hand-flags which train was to proceed on to the main line.

The construction of self-acting, or rather train-actuated signals, has claimed the attention of a
very large proportion of inventors of signals, but very few systems have been tried, and many
those were found practically unreliable and therefore useless.

Whitworth's signals were used on the Brighton line, at some of the tunnels on the Lancashire
and Yorkshire, Whiston Bank, near Liverpool, and several other situations. In 1858 Baranowski
obtained permission to test his automaton distant signal between Hackney and Kingsland, on the
North London line. It was set to danger by the passing train pressing down a lever which actuated

the mechanism of the signal ; and when the train reached a distance of 1100 yds. it pressed down
another lever, causing the danger signal previously set to be released. Although many hundreds
of trains successfully worked it, its failure on one occasion is supposed to have caused an accident

which led to its being removed.
The Midland Company erected an indicator at Kegworth in 1863, Figs. 6875, 6876, showing

the time a train had passed up to fifteen minutes. It was set in motion by a treadle being

depressed by a passing train. At the expiration of fifteen minutes the pointer returned to zero.

This signal was subsequently removed as unreliable.
So soon as the few inventions at all trustworthy for locking signals and points had proved their

advantages over previous systems, they were rapidly adopted by many of the railway companies.

It would be impossible in a limited space to explain and illustrate all the devices proposed tor

working these signals; but the following examples, ami ng many equally good, will convey a clear

idea of the methods introduced and in work.
Fig. 6877 is an example by Stevens, in 1854, for giving the three semaphore indications by one

wire. A is a weighted lever connected by a rod with the arm and lamp. The lever is actuated

by one of the levers R or S, and the wire and chain connection /. The drawing shows the signal in

its normal state.

S D
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The caution signal is thus produced. The levers R, S, must be moved to the position R 1 S l
,

lifting the lever A to the position A 1

,
where it will be retained by the stud fixed to apparatus on

the lever A, which is brought into position by the stud d on the small lever. When the all-right

signal is to be given the levers R, S, must be still further moved to the positions R2
,
S2

,
which will

similarly move lever A to A2
, with its shorter end resting on the stop E, when the apparatus may

be returned to its original position. To give the danger signal the stud on lever A during the

return movement passes over the surface c 1 on lever c, the lever A being meanwhile supported

by projection g.

'%n.. 4-... :^<.g
' 4&:z:zz.. ...

^::::\5

The chain or wire is attached to

the periphery of the ratchet 1, turn-

ing freely on its axis. S is a lever,

acting on the ratchet-wheel, which is

retained in position by the weighted

lever 3. This lever has a pawl 4,

which takes the teeth of the ratchet-

wheel, so as to retain it in its posi-

tion. When pulled over by operator,

6 is a chain connecting the lever

and pawl in order to release the

pawl for the return movement.
Figs. 6878 to 6881 illustrate the

invention of F. Brady, Engineer to

the South-Eastern Railway.

Fig. 6880 is an end view of the

apparatus. Fig. 6879 is front ele-

vation of the same, a, a, are the

two point levers of the main and
branch lines ; ö is a lever which
works both the points of the cross-

over road ; c, c, are levers connected
with the several signals, having the
name of the signal or point written
upon them, d1 to d5 are horizontal . _. ,

spindles, on which the locking axes c, e, are fixed. /, /, are the moving cranks. They are Jownm
the position they occupy when the main lines are open and the branch closed, lo eacñ ot tüe

signal levers a there are jointed horizontal bars c\ which are connected by links c2 to the floor by

means of shoes, in which the short links turn ; the links so connected with each signal lever are
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always parallel to the lever, and against them and against the levers the locking axes on the hori-

zontal axes act. In the drawing the signal levers are as standing at danger, and consequently the

point levers are all free. If the trailing point

lever is moved from its present position to a posi-

tion to suit trains coming from the branch on

to the main line, it, by means of links connect-

ing it with the arms / on the axes d x
, <2

2
, causes

these axes partially to rotate, and in so doing
it removes the locking axes from the links c

2 of

such of the branch signals as may then be
lowered, whilst at the same time it moves other

locking axes, c, in front of the links c1 of the

main-line signal levers, which require to be

held at danger. In a similar way the facing

point lever, when moved over to suit trains

entering on the branch line, gives motion to

the axes d3, dA
, and by means of the locking

axes upon them unlocks such of the branch

signals as may require to be lowered whilst it

locks any of the main-line signals which re-

quire to be then maintained at danger. The
point lever b of the cross-over road when moved
over closes both the points of the cross-over

road, and at the same time causes the axis db

SL

%
6382 6333.partly to rotate, and brings up the locking axes

thereon so as to lock all the signal levers at

danger.

This system is applicable at junctions where
a greater number of point levers is required, each
point lever in the manner described being caused

to give motion to a separate axis or axes, with lock-

ing axes thereon to lock and free the signal levers.

Figs. 6882 to 6892 were introduced in 1867 by
Saxby and Farmer.

Figs. 6882, 6883, also illustrate a method of

actuating repeating signals when the distant is too

far to be visible to the signalman.

The signalman, working in his box upon the

distant signal lever, sets a wire in motion, one end

of -which is connected to the apparatus in the box,

whilst the other is fastened on a cam /, the peri-

phery of which is shaped to correspond to the duties

assigned thereto. This cam consists of a pulley or

roller f'.'upon which bears the chains, and the

wheel proper f, on the flat portion of the circum-

ference of the latter bears a small roller connected

with the cranked lever Ä. The wheel / revolves

freelv upon its axis », fitted to the side of the post,

and by the partial revolution of the wheel /the

cranked lever h is acted upon, and one arm of this

lever acts by a rod upon the semaphore or lamps.

Suppose the cam-wheel to describe a limited arc

of a circle, the signal denotes caution, and the

chain p may be pulled as soon as the signal has

spoken.

If the lever in the box is closed, and the signal xNä^Jp ifIfrf"
denotes danger, the weights S cause the cam-wheel

to turn, being attached to the circumference of the

pullev K, which revolves freely on the axis i, and

to maintain the distant signals at danger as a normal •fiy^ Kök ¿Ute Víav.

condition, the pullev k is furnished with a ring, pro-
t

jectins upon its side, upon which bears the axis of the lover h. and by the action ot. the weight;b

the danger position of the semaphore is preserved, as the lever h can act only it the axis of the

1
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lever h is displaced by the motion of the wire p. By this plan one wire will actuate both distant

and repeater signals.

Figs. 6884 to 6887 show a plan for a vertical motion of the locking between points and signals

cases where there may be little

room. In this arrangement the slides 84,

and locks give way to circular stop-

plates AB 1

, AB2
, one of which is

fastened to the bottom of the vertical

"laft n, moved by the point lever

o. 8 ; the other upon the hollow

shaft m, enclosing n, and moved by
the point lever No. 3. These two
point levers describe here areas of

circles in a horizontal direction, as

will be easily understood, and the

rods working the points themselves

are fitted to the bottom of the solid ot

hollow shaft respectively. The cir-

cular plates A B 1

, A B2
, are furnished

with slot-holes or with notches in the

edge corresponding to the holes or

slots shown in the stop-plates, Figs.

6886, 6887.

Each signal lever is connected to

a vertical rod W, worked in a manner Elevatww.

6886. 6887.

N?3.

N?2.

Uplte* 6888.

«

—

«KôS

4 ^f
3 7 lip &DawrvBnxnch.

3 c=p

DawwIhsV

similar to a horizontal apparatus ; but in combination with the point levers Nos. 3 and 8 in their

respective connection with the stop-plates A B\ AB2
, which they work.

Figs. 6888 to 6892 illustrate a horizontal apparatus, as generally used, for a junction, and also
when extended in details for a large terminus. The following schedule shows the duty of each
of the levers ;

—

Lever 1 actuates the distant signal of up branch line, 3.

, „ „ up main line, 1.

, the points of up lines, 1, 3.

, the station or junction signal of up branch line, 3.

2

3

4

5

6

7

8
Í)

down main

11 V 11

„ branch „
the points of down lines 2, 4.

the distant signal of down lines 2, 4.

1.

2,

4.

This arrangement is for nine levers with three slides one over the other.
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Fi». 6889 is a vertical section across the frame ; the slides are marked A 1

, A-, A 3
, each of which

is connected with a certain number of main locks. Fig. 6892 shows slide A 1 in plan, with locks and

pins. Figs. 6891, 6890, similarly show slides A2 and A3
, and the whole of the levers are indicated

onlv in Figs. 6890, 6892, where they are numbered in accordance with schedule. In Fig. 6889

the'two point levers only are shown in elevation ; the lever L being closed, or in its extreme position

towards the front, and M open, or in its extreme position towards the back of the frame.

6890.

6891.

6892.

S5 9 6 91 9%

If the lever L is moved in the direction of the arrow, the forked lever a connected to L is set in

motion ; a again actuates the cranked lever 6, one arm of which is connected with the forked lever a,

whilst the other bears upon the concave surface of the lever arm c, and causes the latter to vibrate

on its fulcrum c?, in either direction; the other arm of the lever c bears by means of a fork-piece

upon a pin c, fitted respectively to the top or bottom surface of any oue of the slides A. The

motion of the hand-lever L being thus communicated to the straight lever c ; the latter in its turn

imparts a longitudinal motion to the slide a.

The slides A are fitted with another series of pins/, fitting into the fork-shaped heads of the

locks B, which are thus caused to describe arcs of circles in pivoting upon their axes g. The locks

B are iron stop-plates cut at a right angle, upon one side of which the respective hand-lever bears

when it gets into a certain position, which, it will be readily understood, takes place upon the locks,

partially revolving or pivoting round their axes g. The inclined «ides or plain s are intended to

assist the other mechanisms, seeing that the hand-lever bears upon Mich an inclined plané if its

open position is converted into a closed one, and thus the shutting of the levers is facilitated and

accelerated.

The general effect may be explained thus ;

—

By opening lever No. 1, then No. 3 is locked in its open and 8 fixed in [fa normal position.

No. 3 is locked in its normal position.

Nos. 2, 5, and 6, are locked in their normal positions, and 1 and 4

unlocked.

No. 3 is locked in its open and 8 in its normal position,

No. 3 is locked.

No. 3 is locked and 8 in its open position.

No. 8 is locked.

Nos. 1, 4, and 7, are locked, and 6 unlocked.

2, 5»

3, ÎJ

4, M
5, 5?

6, »1

h 11

8, 1?

Signal lever No. 9 not being connected with the point« is omitted in this schedule.
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Fi°-. 6893, 6894, show a plan introduced by E. C. Köper in 1869. The advantages of this system

are that the locking is accomplished without any moving bolts, cranks, or screws, the long bars on

the point levers which effect the locking are in sight, and the operator can see which levers can be

moved and which cannot.

6S94.

6893.

6895.

Elevaïiorv cf 18 LeverLocking iïïaâuno

A bar is mounted on the point levers extending between the signal levers, dividing them into

sets, and as respects each point lever in motion either way separating the signal levers, which must
precede the. point levers in their movements from the others. The levers are all arranged in a
frame in the usual way ; one side oí the frame is termed permission for main line, and the other
permission for branch line.

On each point lever is fixed a bar, the bar on one set being lower or higher than that on the
other, extending as above described, and so coupled with the signal levers that if there be arranged
on that side of the frame called permission for branch line all those signal levers belonging to the
main line, and on the opposite side of the frame those signal levers which belong to the branch line,

all the signals will be then at danger.
The bars on the point levers extend over the point levers in such a manner, that on either point
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being brought over to one side of the frame, the bar upon it rests against those signal levers which

ought to be locked by it when in this position, and the signal levers which are ranged on the other

side of the frame are no longer locked by this lever.

The side of the frame which gives permission to the main line gives danger to the branch, and
the reverse ; but in no case can the signal levers be moved before the point levers.

6897. 6898 6899.

A system invented by Wm. Baines, Figs. 6895 to 6897, is in use at the somewhat complicated
junction at Lindal Cote, it having a cross-over road running into both up and down main lines, two
branch lines, M, N, on one side, and three lines, P, Q, R, on the other. There are catch-points at

S on the up side, which have to be kept closed for the cross-over road and open for the catch-siding

T, so that the main lines may not be fouled by traffic on the M and N lines ; these catch-points can
only be opened for the cross-over road when the signals have been set to danger for the main lines

and the branch lines on the opposite side ; consequently nine points and seven signals have to

mutually interlock with the one set of points at S. Fig. 6895 is a plan of the junction ; Fig. 6896
shows the elevation of the lever-frame for eighteen levers ; Figs. 6897 to 6899 represent the rocking

shafts G and main shafts F in various positions during the pull over. The levers are all centred
on the shaft F, and above this is the shaft G, which passes through a quadrant arc in the foot of

each lever A, thus allowing the required range of motion. On the shaft G are loosely slipped a
number of short tubes or rockers J; these have cams upon them, which act against projecting

tappets fixed one upon the bottom of each locking bar, and when the cam is held up under one of

these tappets it prevents the bar from being pushed down, in which case the detent of that lever

cannot be raised out of the quadrant notch. The practical result of this arrangement is, that before

the lever has been moved i in. in the quadrant the locking of the second lever is perfectly effected ;

the pressure upon the several parts is very small, and they do not require oiling.

The existing arrangements for working the traffic on the London Metropolitan Railway and
at the Victoria and Cannon Street stations are good examples of the application of locking gear to

signals and points, and the facilities for safety afforded thereby have been recognized by the

English Board of Trade, and strong recommendations are embodied in the regulations issued by
that department that all railway companies should adopt such means for the prevention of
accidents.

SILVER. Fr., Argent; Ger., Silber ; Ital., Argento; Span., Plata.

Silver is a white metal of remarkable brilliancy. It occupies the second rank for malleability,

being next to gold in this respect. Its ductility and tenacity are also very great. One grain of the metal

is capable of yielding 400 ft. of wire, and a wire with a diameter of -±¡ in. will support a weight
of about 188 lbs. Atomic weight = 108. Molecular weight = 216. Specific gravity = 10 '53.

Silver fuses at a temperature of about 1873° Fahr., and if allowed to cool slowly, it crystallizes in

voluminous octahedrons. When in a state of fusion, it absorbs a considerable quantity of OXyg< n,

which it expels in the act of solidification, with a peculiar sound technically known as spitting.

It maybe distilled by means of the oxy-hydrogen blow-pipe, and its vapours assume a green colour.

The absorption of oxygen by silver in a stato of fusion must be regarded as a simple solution of the

oxygen in the liquid metal, and not as a combination. When allied with a small quantity of gold
or copper it loses this property.

Silver is frequently met with in a native state, but not in sufficient quantities to satisfy the

demand for it. The metal, as obtained for use, is chiefly extracted from its sulphide. The
metallurgical operations necessary for this extraction are somewhat complicated; but they are
based upon the fact that both lead and mercury have a strong affinity tor silver. The sulphide
of silver is converted into a double chloride of silver and sodium, which is then acted upon by
mercury. The mercury then passes into the state of a chloride and liberates the silver, with which
it forms an amalgam. From this amalgam the silver is extracted by evaporation. A more recent
process depends upon the solubility of chloride of silver in a hot solution oí common salt and ita

separation again on cooling.
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In the first of these processes, which is known as the American method, amalgamation and

reduction are carried on simultaneously, and the whole of the operation is performed without the

application of heat. In the second process, which is practised at Freiberg in Saxony, amalgamation

and reduction are two separate and distinct operations, and the chloridation is effected by means
of heat.

Silver is naturally soft, but it becomes harder when allied with copper. It is for this reason

that it is usually combined with small quantities of the latter metal in order to render it more

capable of being conveniently worked. It is not affected by exposure to the air at any temperature,

but it is rapidly oxidized by ozonized oxygen. Hydrosulphuric acid blackens silver by producing

sulphide of silver and hydrogen.

A^ + m s = si + AMs
Ag/ T H/° - H/ T Agf

Silver. Hydrosulphuric Hydrogen. Sulphide
acid. of silver.

Sulphuric acid attacks silver only when concentrated and at boiling heat; in this case sul-

phurous anhydride and sulphate of silver are produced.

2
(

9£N + Ìli lf> + KhH + **
Sulphuric acid. Silver. Sulphate Water. Sulphurous

of silver. anhydride.

Nitric acids attack silver cold, but more especially when heated, producing nitrate of silver and

binoxide of nitrogen.

«(*£}•) + 3
(if}) = 6

(

na» + 4(hH + 2Ne
Nitric acid. Silver. Nitrate of silver. . Water. Binoxide

of nitrogen.

When at a red heat, silver decomposes hydrochloric acid, forming chloride of silver and
liberating hydrogen.

if} + >(5}) - h} + •(*})
Silver. Hydrochloric Hydrogen. Chloride

acid. of silver.

A prolonged contact of silver with a solution of chloride of sodium gives rise to the formation of

a certain quantity of double chloride of silver and sodium, which dissolves, and the liquor becomes
alkaline.

Silver forms with each of the monatomic metalloids a single compound. There are known a

chloride, a bromide, an iodide, and a fluoride of silver.

Chloride of Silver, pj? > .—Chloride of silver exists in a native state crystallized in octahedra.

As it is insoluble, it may be readily obtained by precipitating the solution of a salt of silver by
hydrochloric acid, or by a soluble chloride.

NO2)
,

Hi Agi N02 i

Nitrate Hydrochloric Chloride Nitric acid,

of silver. acid. of silver.

The chloride of silver forms in this case a white flocculent mass. Chloride of silver is abso-

lutely insoluble in pure water. At a temperature of 50° Fahr, salt water dissolves a quantity equal
to tôVôô °f the weight of the salt which it contains ; at 64°, T o

2 4
00 : at 212°, T -

5
4 °
00 ; and at 32°,

hardly any. Chloride of silver dissolves readily in hyposulphite of soda, cyanide of potassium, and
ammonia ; hydrochloric acid also dissolves it, but only in very small quantities. By evaporation
from its ammoniacal or hydrochloric solution, chloride of silver crystallizes in octahedra identical

with the natural crystals. The chemical rays of the spectrum exert a strong action upon this

chloride. When exposed to the direct rays of the sun, it immediately becomes violet ; in a diffuse

light, the colouration manifests itself more slowly. When exposed to a red or a yellow light, which
does not contain any chemical rays, it retains its white colour. At a temperature of 500°, chloride of

silver fuses ; on cooling it assumes the appearance of horn, and is sufficiently soft to be capable of
being cut with a knife. In this state it is known as horn silver. At a very high temperature it

gives off vapours. Nascent hydrogen reduces chloride of silver cold, and free hydrogen reduces
it with the application of heat. In the latter case, however, traces of chloride always escape the
reducing action ; this fact, which has been clearly proved by Lieben, renders all analytical pro-

cesses founded upon this reduction incorrect. When not in a state of fusion it is reduced by iron

and by zinc. If a little moist chloride of silver be put together in a heap, and an iron rod placed
in the centre, reduction is effected slowly from the centre outwards. Mercury reduces chloride of

silver, as does also the protochloride of copper.

Cu 2 CL + 2 Ag CI = 2 Cu Cl 2 + Agì
Ag|

Protochloride Chloride Bichloride Silver,

of copper. of silver. of copper.

VVhen chloride of silver is boiled in a concentrated solution of potassa, oxide of silver is formed,
and if sugar has been added to the solution, silver is obtained in an extremely pure state. Heated
to a white heat, with carbonate of potassa and marine salt, it is reduced and gives a button of
metallic silver. The marine salt renders the scoria more easily detachable.
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*CW) + »PÍK) = 2ce2 + 1} + ,($) + *(*})
Chluride Carbonate Carbonic Oxygen. Silver. Chloride
of silver. of potassa. anhydride. of potassium.

The metallic sulphides, especially those of the electro-positive metals, give the double decom-
position with chloride of silver.

Bromide of Silver, p° >.—Bromide of silver is found in a native state, and may be obtained by

the same processes as the chloride, nearly all the properties of which it possesses. It is distin-

guished from the chloride by a less degree of solubility in ammonia, and by the action which light

exerts upon it ; for when prepared by artificial light it is white, but if exposed to the diffuse light

of day, it instantly becomes of a yellow hue, and it keeps this tint without alteration, whatever be
the intensity of the light to which it may afterwards be exposed. Bromide of silver is found in
Mexico, where it is known as Plata verte, or green silver, in the form of small crystals or crystalline

granules of a pale olive-green tint.

Iodide of Silver, ? >.—Iodide of silver is prepared in the same way as the chloride and bromide,

and like the latter compounds, it exists in a native state. It is hardly soluble in ammonia ; light

affects it very readily, causing it to change from the yellowish tint which is its natural colour,

to bister, and then to black. Iodide of silver occurs native in several Mexican mines in the form
of thin, pearly, flexible scales.

Silver forms several compounds with the diatomic metalloids. With sulphur it forms a sulphide
corresponding to the formula Ag2 S. With oxygen, it gives three compounds, the suboxide Ag

4
O,

the protoxide Ag2 0, and the binoxide Ag2
O,. Of these three oxides, the protoxide alone

possesses any interest.

jyhide of Silver, . ° > S.—Sulphide of silver occurs native, sometimes crystallized in cubes, and

sometimes in masses. This is the principal ore of silver. It may be obtained artificially by preci-

pitating a salt of silver by hydrosulphuric acid.

f%H + §}« = «("&}•) +
Ag
As

Nitrate of silver. Hydrosulphuric Nitric acid. Sulphide of
acid. silver.

Sulphide of silver is naturally black ; but when it has been fused or raised to a high tempera-

ture, it assumes a metallic appearance. Native sulphide always has this appearance, and hence it

has received from mineralogists the name of silver glance. Its specific gravity is 7*2. When
subjected to roasting, sulphide of silver loses sulphurous anhydride and leaves metallic silver. If

roasted with marine salt, it is converted into chloride ; it is also converted, into the latter substance

if allowed to remain a long time in contact with bichloride of copper.

Protoxide of Silver, . = > 0.—This oxide is obtained in the form of a brown and heavy powder by
^

\ cr
)

precipitating a salt of silver by hydrate of soda or potassa. In this case, a hydrate "V?
f
O should

be produced ; but as this hydrate is not stable, protoxide results.

«CSW + '*(!}*) = 2TO Ö + if}» + h}*
Nitrate ol silver. Hydrate of Nitrate of Protoxide of "Water.

potassa. potassa. silver.

Oxide of silver readily decomposes into oxygen and metallic silver when heated. It is a

powerful basic anhydride, dissolving in the acièìs, and forming normal salts with them. Water
dissolves it in the proportion of 3T7

1
00 , sufficient to decompose the soluble haloid salts and the phos-

phates. By digesting oxide of silver with ammonia- an explosive compound is obtained, known as

fulminating silver, the formula of which has not vet been determined with certainty. Some con-

sider it to be a substance corresponding to the formula H > X, while others believe it to be a

H

triargentic nitride Ag > X.
Ag)

Agi

Nitrate of Silver, "^/} O.—Nitrate of silver is prepared by dissolving silver in boiling nitric

acid. If the silver empfoyed be pure, the nitrate will be pure also : but if the silver contain copper

the nitrate will be a mixture cf nitrate of silver and nitrate of copper. The best process of purifi-

cation in this case consists in evaporating till dry, and then fusing the residue, and keeping it in a
state of fusion for some time. The nitrate of copper decomposes into oxide of copper and volatile

products, and if the temperature is not too high, the greater portion of the nitrate of silver remains
intact. A small portion of the mass is taken out from time to time and dissolved in water; after

filtering, ammonia is added to the liquor. So long as this reagent produces a blue tint, there

remains intact nitrate of copper ; when the ammonia ceases to have any effect, the decomposition of

that salt is complete. The whole mass, after being allowed to cool, is dissolved, and filtered to

separate the oxide of copper, and then evaporated to the consistency of a thick syrup. The nitrate

of silver crystallizes on the cooling of the liquor. Another process is to evaporate till dry, then to

fuse the salt and to cast it upon porcelain, or in small wrought-iron moulds. Under the latter form
it is employed in mediciue, and known as lunar caustic.
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Instead of decomposing the nitrate of copper in the manner we have described, it is usual, in

laboratories, as being more simple, to treat the mixture of the two salts with a soluble chloride,

which precipitates the silver alone as a chloride. This chloride, after being well washed and dried,

is heated in a crucible to a white heat, carbonate of potassa and marine salt having been previously

added. A button of very pure silver is then formed, which may be taken out of the crucible by
breaking the latter after it has been allowed to cool. This button, dissolved in nitric acid, gives

very pure nitrate of silver.

Nitrate of silver crystallizes in beautiful rhomboidal flakes, especially by evaporation from its

acid solutions. Its crystals are transparent. When fused, it presents the aspect of a white mass of

crystalline structure. As it is decomposed by heat, giving metallic silver, it becomes of a blackish
colour after having been subjected to repeated fusions. When cast in the form of lunar caustic

there always remain residues, which are melted a second or even a third time. These residues

therefore assume the colour often possessed by lunar caustic.

The solution of nitrate of silver is decomposed by hydrogen, as it would be by a metal, such as
zinc ; nitric acid is formed, and the silver is deposited.

Nitrate of silver. Hydrogen. Nitric acid. Silver.

Nitrate of silver is decomposed by organic substances under the influence of light.

Distinctive Features of the Salts of Silver.—The soluble salts of silver are distinguished by the

following features ;

—

1. They are always colourless when the elements of no coloured acid enter into their composi-

tion, and they are generally blackened by exposure to light.

2. Hydrochloric acid and the soluble chlorides produce in their solutions a white fiocculent

precipitate of chloride of silver which is not attacked by the acids, but which dissolves very

readily in ammonia, cyanide of potassium, and hyposulphite of soda. This precipitate assumes a
violet hue when exposed to the light.

3. The soluble arsenites and phosphates determine in them the formation of a light yellow
precipitate of phosphate or arsenite of silver, soluble in ammonia and in acid liquors.

4. The arseniates produce in them a red precipitate of arseniate of silver.

5. Sulphuretted hydrogen gives with them a black precipitate of sulphide of silver, which is

insoluble in hydrosulphate of ammonia, but which is readily converted into nitrate of silver by nitric

acid.

6. The fixed alkalies give with the salts of silver a brown precipitate of oxide of silver. This
precipitate when placed in contact with ammonia becomes black, and acquires explosive properties.

7. The soluble iodides convert the soluble salts of silver into iodide of silver, which is precipi-

tated. This iodide is of a yellowish colour, easily affected by light, and nearly .insoluble in

ammonia ; it is, however, readily soluble in hyposulphite of soda and cyanide of potassium. Boiling

nitric acid decomposes it slowly, forming nitrate of silver, and liberating violet-coloured vapours of

iodine.

Native Silver sometimes occurs in a state of almost chemical purity, but it is more frequently

associated with some other metal or metals. Native silver is often found in connection with various

argentiferous ores, and has sometimes been met with in masses of considerable size. It is found
both crystallized and in arborescent and filiform shapes.

The alloys of silver and gold are exceedingly numerous, and although native gold has never
been found free from silver, it is in some cases alloyed with that metal to such an extent, that the
resulting compound can only be regarded as native silver containing traces of gold. Silver obtained
from the treatment of ordinary argentiferous ores frequently contains gold, but generally speaking
in small quantities only. In some districts, however, as at Virginia City in Nevada, one-third of

the value of the bullion produced arises from the amount of gold which it contains.

Antimonial Silver.—Discrasite occurs in Baden, Suabia, Chili, and elsewhere ; but seldom in suffi-

cient quantities to possess great commercial value. Colour, silver white ; composition, antimony
23, silver 77 per cent. Heated before the blow-pipe, gives off fumes of antimony.

Bismuth Silver.—A rare alloy of silver and bismuth, with a little copper and arsenic ; occurs in

the mine of San Antonio, near Copiapo, Chili. It contains 60 per cent, of silver.

Native Amalgam is found in the Palatinate, at Sala in Sweden, Almaden in Spain, and in

various mines in Chili. It is frequently crystallized, of a silver-white colour, is brittle, and emits a
grating sound when cut. There are two known varieties. The first is composed of silver 34*8,

mercury 65*2, and the second of silver 26*25, mercury 73*75 per cent.

A silver amalgam of some commercial importance is found in the mines of Arqueros in Chili,

and has been hence named Arquerite. It consists of silver 86*49, mercury 13 51 per cent.

Ores.—The ores of silver which occur in greatest abundance, and which are consequently the
most important, are the following ;

—

Silver Glance.—Vitreous Sulphide of Silver.—This is the most important ore of silver, and con-

tains, when pure, silver 87*04, sulphur 12*96 per cent. It is found in Europe in the German
mines. It is also abundant in the mines of America.

Stephanite.—Brittle sulphide of silver is the ore of next greatest importance. This is a double
sulphide of silver and antimony, containing, when pure, silver 70*4, antimony 14*0, and sulphur
15 '6 percent. It is found in nearly all the silver mines of Europe, and occurs abundantly in
America, and particularly in the Comstock lode, Nevada.

Pyrargyrite.—Ruby Silver.—An important ore in the Mexican mines, as well as of those in the
Reese River district in Nevada. It is composed of the same substances as stephanite, but in
different proportions. When pure, its composition is, silver 58*98, antimony 23*46, and sulphur
17 * 56 per cent.
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Chloride of Silver.—Horn Silver.—This ore is composed of silver 75-33, chlorine 24*67 per cent.

It is found in most of the silver mines both of Europe and America, and occurs in greatest abund-

ance near the outcrops of the veins. It fuses in the flame of a candle, giving off acrid fumes ; and
if moistened and rubbed with a piece of iron or zinc, becomes externally coated with a thin film of

metallic silver. With a little carbonate of soda it is readily reduced before the blow-pipe, and
affords a button of silver.

In addition to the foregoing, which yield the larger proportion of the total amount of silver

annually produced, there are numerous other minerals containing this metal, but which, from their

rarity, may be regarded rather in the light of mineralogical curiosities than as ores of silver. A
large amount of silver is likewise extracted from galena, with which it is associated in the form
of sulphide.

Few metals enter into a greater variety of natural combinations, or are found over a wider
geological range, than silver. It is said to exist in minute traces in some organic bodies, and in the
waters of the ocean. A certain amount of this metal invariably accompanies native gold, and it

would be almost as difficult to find a specimen of galena from which traces of silver could not be
extracted, as to meet with native gold entirely free from it.

The whole of the silver of commerce is derived from three sources ;-

From silver ores proper, in which this metal predominates in value over those with which it is

associated.

From refining the native alloys of gold and silver. And
From the desilverizing of lead, and the treatment of certain argentiferous copper ores.

Treatment of Silver Ores.—It has been found that the ores of silver, with the exception of argen-
tiferous galenas, do not generally admit of mechanical concentration, and they are consequently,

after careful selection, in most cases subjected to metallurgical treatment. The difficulty of

treating ores of silver by mechanical means arises from the fact of the greater portion of this metal
being finely disseminated in the veinstone in the form of various brittle sulphides, which, on the

pulverization of the ores, become so finely divided as to float off in suspension in the water employed
for concentration. It must be borne in mind that, even had the results obtained by mechanical
preparation been more favourable than they have been generally found to be, the supply of water
in the districts affording a great proportion of the ores of this description, is exceedingly limited,

and that the inconvenience and expense attending the dilution of the argentiferous mineral by a
large quantity of silicious and earthy matter is less than the cost and trouble that would be
entailed by their concentration.

Patio Process.—The materials necessary for the reduction of the ores of silver by the patio pro-

cess are magistral, common salt, and mercury ; but in addition to these, sulphate of copper, preci-

pitated copper, and copper and zinc amalgams are occasionally employed..

Magistral is manufactured from copper pyrites, or raw magistral, of which mines occur in many
parts of Mexico.

The copper ore, when brought to the works, is first reduced to a coarse sand by dry stamping,
and then ground to a fine powder in arrastres. The ground ore is removed from the arrastre to an
enclosure, where the water with which it has been mixed during the process of grinding is allowed
to evaporate ; it is then left exposed for a long time to atmospheric influences, as it is generally

believed to afford a larger proportion of sulphate of copper by roasting, if previously exposed for

some months to the action of the air. The furnaces in which the calcination is effected have a
double hearth, of which the roof is almost flat, with a fire-place at the side.

About 200 lbs. of ground ore, with which a few handfuls of salt have been previously mixed, are

charged on each hearth. The heat is then gradually raised, and the ore kept constantly stirred

during from six to eight hours, when the doors are closed, and the furnace allowed to cool. When
sufficiently cold, the doors are again opened, and the charge raked through holes in the bottom of

the furnace into arched recesses beneath, prepared for its reception. The percentage of sulphate

of copper formed, from an ore of given tenure in copper, depends, to a great extent, on the skill of

the workman, and the care bestowed on the operation.

When the ores treated contain either oxide or carbonate of copper, it is usual to add to them a
certain amount of iron pyrites, which, by supplying sulphur, assists in their conversion into

sulphates. The sulphate thus obtained, being in an anhydrous state, becomes heated on the
absorption of water, and this circumstance is taken advantage of for the purpose of making a rough
estimate of the quality of prepared magistral, and determining the proportion it will be necessary to

employ.
The ores subjected to patio amalgamation differ somewhat in their composition ; but the follow-

ing analysis gives the average composition of ore from the district of La Luz, Guanaxuato ;

—

Peroxide of manganese .. .. 3 54
Carbonate of lime 4*18

.. .. 0*96

Sulphide of silver 0'15

„ iron 26-52

„ lead 2-07

„ arsenic O'lO

„ zinc 5*00

Sulphate of iron • 25

lime 0-4.3

Silica" 50-00
Moisture .. 6-10

100-00

The ores to be subjected to the process of patio amalgamation are first crushed dry, to the state

of coarse gravel in a stamping mill, and subsequently reduced by porphyrization with mercury in

the arrastre to the necessary degree of fine division.

As the operation of grinding progresses, the amalgam by degrees accumulates in the crevices in

the bottom of the arrastre. The amalgam is usually removed from the arrastres every time
months; but in some instances they are cleaned up at even longer intervals. At the expiration of

twenty-four hours, when the grinding is completed, slime is baled out into a barrel, in v\hich it is
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removed to reservoirs, formed in masonry, from which a portion of the water becomes evaporated
by exposure to the sun and air, and leaves the mass in a fit condition for subsequent treatment in

the patio.

The patio is a large courtyard, generally paved with flagstones, of which the joints are carefully

cemented, in order to prevent the loss of mercury which would otherwise take place. This flooring

has a slight inclination given to it, in order that any water falling on it may the more readily run
off. In some cases, however, a wooden flooring is employed instead of a stone one. Fig. 6900
represents the patio at Guanaxuato.

6900.

The ground slimes, on their removal from the arrastres, are deposited, in an almost liquid state,

in walled receivers, where a portion of the water is removed by evaporation, and where it is allowed

to accumulate until there is a sufficient quantity to form a heap. When the amount of slimes

necessary for a heap has been collected in the receiver, it is carried out into an enclosure formed
on the patio, about 30 ft. in diameter, generally made by laying on each other square beams of

wood, kept in their places by large stones, and made tight by filling the joints either with clay or

horse-dung. Into this the slime is introduced, until it forms a layer of about a foot in thickness,

and is allowed to remain until, by the evaporation of the water, it has gained the consistency of a
rather thin mud. From 3 to 5 per cent, of salt is added, in accordance with its quality and the

nature of the ores under treatment. When the salt has been added to the heap or torta, it receives

the first treading by mules, after which it is allowed to stand until the following day, when the
whole of the salt will be found in a state of solution, and thoroughly mixed with the slimes
composing the heap.

The day after the salt has been thus mixed with the slimes, the addition of magistral and mer-
cury takes place. For this purpose the torta is, if necessary, brought to the proper consistency by
the addition of water, and the magistral throw evenly over its surface by means of wooden shovels.

The proportion of this reagent to be added varies, to a certain extent, in accordance with its rich-

ness in sulphate of copper ; but in the case of employing magistral of the usual strength, something-

less than 1 per cent, is generally found sufficient. As soon as the magistral has been spread over
the surface of the heap, it is again trodden by mules for about an hour, when the mercury necessary

for the completion of the operation is generally added, the quantity required being from 3J to 4 lbs.

for every mark of silver supposed to be contained in the heap. The introduction of mercury is

effected by making it run through a linen cloth in such a way that its particles may be divided in

the state of minute globules. After the addition of the mercury, the heap is again trodden for

about four hours, in order to effect its intimate mixture throughout the whole mass. When crys-

tallized sulphate of copper is employed in lieu of magistral, from 7 to 9 lbs. are added for each ton
of ore contained in the heap.

The treading of a torta has the effect of stimulating the action of the magistral, and is repeated
every alternate day as often as the samples indicate a necessity for doing so. Formerly, the
mercury was not all introduced at once. It is, however, now usual to add all the mercury
immediately after the introduction of magistral.

The treading tortas or heaps is effected by means of mules or horses, the former being most
frequently employed, and is repeated every alternate day until the operation is completed ; in some
'' ea they are made to drap: behind them a framework on wheels, which acts in the same way as
the ordinary mortar mill. When this is employed, it is attached to a long wooden arm revolving
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on a spindle in the centre of the torta, and in order to allow of the radius being gradually dimi-
nished, the arm is provided with slots, in which the central pin readily traverses. In addition to
the treading, each heap is turned over twice a week by means of wooden shovels.

The washing apparatus consists of three circular tanks B, 0, and D, Fig. 6901, built close

6901.

together in a circle, and constructed of stone slabs carefully cemented. The depth of each of these
tanks is 5 ft. 4 in., and its diameter 9 ft. 6 in. They are made to communicate with each other by
means of an oblong opening 8 in. in height and 10 in. in width ; of which the first is placed at a
height of 8 in., and the other at a distance of 30 in. from the bottom of the tanks. In addition to

these, the last tank is provided with two separate discharge-holes ; the first at a height of 6 in.

from the bottom, and the other, which is only opened for the purpose of cleaning up, is situated
close to the bottom. The diameter of the upper opening is about 4 in., and that of the lower 1 in.

In the middle of each tank is an upright wooden shaft carrying four arms furnished with wooden
teeth acting as agitators, the whole being set in motion by a central shaft A provided with a spur-

wheel working in pinions on the tank-shafts.

The pinions giving motion to the agitators in the second and third tanks are a little larger than
that working the stirrer in the first, and consequently their motion is somewhat slower.

Before being washed, the torta is first divided into several parcels, each of which is softened by
the addition of water and subsequent treading, and then carried to the washing house in large

bateas, dusted on the inside with dry horse-dung in order to prevent loss.

When the washings of samples taken from the tanks afford only minute metallic traces, the plug
at some distance above the bottom of the discharge-tank D is removed for the purpose of discharging

the slimes : and as soon as they have been run off the plug is replaced, and the operation continued
until the whole has been washed up.

In addition to the amalgam which remains in the bottom of the tank, there is also a considerable

quantity of the heavier constituents of the ore treated. This residue is removed in wooden bowls

to another tank, and thrown into large bowls or bateas. The person using the batea leans over the

side of the tank, and with one hand on each side of the bowl, gives to it the peculiar washing motion,

taking up a small quantity of water, which, after circulating round the edges of the vessel, is finally

discharged, carrying with it a certain portion of the residue. The deposit of finely-divided mineral

remaining with the amalgam in the washing apparatus, and from the washing in bateas, is subse-

quently reground in arrastres. By this means it is made to yield a certain quantity of amalgam
rich in gold, but is not generally a second time subjected to patio amalgamation.

The amalgam thus obtained is carried to the mercury house, wrhere it is deposited in a large

stone trough; and as soon as the whole amount produced by a heap has been collected, a large

quantity of pure mercury, together with a little water, is added. The mass is now well stirred by

hand, for the purpose' of causing the separation of impurities which gradually come to the surface,

and wliich are from time to time wiped off by means of a woollen cloth. A small quantity of clean

water is added after each removal of the impuri! ics, and the operation repeated until the surface of

the amalgam presents a bright uniform appearance.

When the amalgam has been purified from the last adhering particles of mineral, by wiping
with flannel, it is filtered through a cone-shaped bag, or strainer. Fig. (U)0*2, of which the upper
portion is covered with leather, while the lower consists of strong, closely-woven canvas. This is

hung by chains or cords from a stout beam, and when the mixture oi' mercury and amalgam is

introduced, its weight causes a large portion of the quicksilver to escape through the meshes of the

sail-cloth in a liquid form, and to fall into a vessel placed beneath it for that purpose. The
amalgam finally assumes the appearance of white sand. This amalgam usually contains mercury
to the amount of from five to five and a half times the weight of silver present.
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The filtration of a charge usually occupies about two hours ; and when the mercury has ceased
to drip from the bottom of the bag, the strainer is emptied on a table covered with leather, and the
amalgam beaten into triangular bricks in iron moulds having the form shown, Fig. 6903.

6902. 6904.

6905.

6903.

The retorting is conducted by the aid of a large iron or copper bell, which is placed over the
amalgam, and around which is kindled a charcoal fire. A circular tank of masonry is constructed
below the floor of the burning-house, through which a stream of water is constantly flowing,
and in this is placed an iron tripod, covered by a round plate, having a hole in its centre for the
escape of mercury. On this plate are piled the bricks of silver, to such a height as to reach to
within a short distance of the top of the bell, which, when placed over them, leaves a space of about
an inch between its sides and the column of amalgam. When thus arranged, the bell or capellina
is lowered over it, and the bottom secured, either by lute or a water-joint, constantly supplied by
means of a pipe. Unburnt bricks are now built arouud the arrangement in the form of a hollow
wall, leaving an annular space between them and the bell, of about 8 in. width. This is filled with
charcoal, which is ignited, and as the temperature increases, the mercury becomes volatilized, and,
passing into the chamber below the floor, is condensed, collects in a liquid form, and escapes by an
iron pipe into a proper receptacle. The fire is thus kept up during about fifteen hours ; after which
the apparatus is allowed to cool, and, when sufficiently cold, the bell is removed, either by a wind-
lass or by means of simple blocks, as in Fig. 6904.

This silver, which is found to have assumed a porous structure, and a beautiful frosted appear-
ance, is placed in leathern bags for removal to the smelting house, where it is assayed, and run into
bars. The silver obtained by the patio process of amalgamation is in most cases very nearly pure,
being generally above 990 fine.

In some localities, the arrangements for retorting by the capellina are slightly varied from those
above described, as Fig. 6905, in which the amalgam is supported beneath the bell B, on a stand A,
enclosed in a cast-iron vessel C, kept cool by means of a current of water constantly flowing beneath
the bottom, and through the annular cavity D. The condensed mercury escapes, as soon as
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deposited, by means of a wrought-iron pipe, into a proper receiving vessel. In some cases the

charcoal is retained in its place by means of a circular iron grating.

The interior measurements of the bell are usually as follow ;—height, 3 ft. ; diameter, 18 in. ;

thickness of metal, 1J in. The charge of amalgam' is about 2000 lbs., affording about 400 lbs. of

silver ; the consumption of charcoal a charge is 500 lbs.

The loss of silver by this process of amalgamation is considerable, but varies in different

localities, in -accordance with the nature of the ores operated on, and the degree of fineness to which
they are reduced by grinding. The loss of mercury is generally equivalent to the weight of silver

obtained. The results of assays made during a year on ores containing a considerable quantity of

galena, pyrites, and blende, as compared with those actually obtained from the patio, showed a

deficit equal to 28 per cent, of the assay produce.

After the discovery of silver mines in Nevada, it became evident that none of the processes

employed in other countries for the reduction of silver ores could be rendered available for the

treatment of those forming the main deposits. The pan, or Washoe process, so called from the dis-

trict where it was first employed, was therefore introduced. The following description, although

confined to the Comstock ores, gives a fair general outline of the process.

The ores of the Comstock lode consist chiefly of various sulphuretted forms of silver, native

silver, and gold, finely, almost imperceptibly, disseminated through a gangue of quartz. With
these are associated a few other accessory minerals in inconsiderable proportions.

For metallurgical treatment they formerly were, and to some extent still are, divided into three

classes. The basis of this assortment is arbitrary. The chief object of the classification is to sepa-

rate those ores whose mineral composition and, more especially, whose high value demand a very

exact and careful treatment in order to obtain the highest possible percentage of their precious

contents from those of lower grade, which must be treated by less expensive methods.
The first class usually embraces those ores whose assay value exceeds $150, or in some cases,

$100, a ton. The second class, where distinguished at all, is usually designed to include ores

whose assay value ranges between $90 and $150 a ton. The third class embraces all workable ore

of lower grade than the foregoing, the average assay value varying considerably in different mines.

In many of the mines the proportion of the second-class ore is so small, or the character of the

ore so uniform, that no such distinction is made, the whole product being worked without assort-

ment. About 25 to 30 per cent, of the whole value contained in these ores is gold, the remainder is

silver. In the bullion produced the relative proportion of the gold is a little higher, as it is more
easily saved than the silver.

The silver of the first-class ores is intimately combined with sulphur, zinc, lead, iron, and other
base metals, which render the extraction of the silver difficult. They cannot be profitably treated
by the simple methods to which the more docile ores of the second and third classes are subjected,

but are crushed dry, roasted with salt in reverberatory furnaces, and then amalgamated in barrels

by the Freiberg process. The ores of the second and third classes are treated by the pan process.

The ore to be treated by the ordinary Washoe process is delivered from the mine to the mill in

pieces varying in size from fine particles to those as large as a man can lift. It needs first to be
crushed to a fine condition. This operation is performed by a battery or stamps similar to lhat

described at p. 272. The larger pieces of ore are first broken to a suitable size for feeding the
stamps, either by a sledge or a mechanical rock-breaker, Blake's machine being in general use for

this purpose.

The screens through which the crushed material is discharged from the mortar are either of

brass wire-cloth, having thirty-five or forty meshes to the lineal inch, or more frequently of Eussia
sheet iron, perforated with fine holes. Screens of the latter sort, in general use, are known as
Nos. 5 or 6. In the last named the hole has a diameter of -^ of an inch.

In former years the amalgamation of the precious metals of the ore with quicksilver was carried

on in the mortar. This feature of the process has, however, been given up in the mills of the
Washoe district. The stuff, being discharged from the battery, is conveyed in troughs by means of
the flowing water to settling tanks, placed in front of the batteries. These tanks are usually built

of plank, are 3 or 4 ft. deep by 5 or 6 or more feet square, and are so arranged as to have communica-
tion with each other near the top. so that the stream ot water carrying the crushed ore in suspension,

having filled one tank may pass into the next, and so on through several, depositing the material
and not finally leaving the tanks until it has become tolerably clear. The number of tanks must be
sufficient to allow of a certain portion being emptied; while others are receiving their supply, and
the conveying troughs are provided with gates so arranged that the stream can be admitted to one
portion of the tanks and shut off from the other at pleasure. The stream, having deposited in these

tanks the bulk of the material, is still charged with slimes, or rock reduced to an impalpably fine

condition, which is only settled by a slow process. For this purpose the stream is sometimes per-

mitted to pass through other large settling tanks, or to slowly deposit its charge in a pond or dam
outside the mill. These slimes form a variable and in some mills a large percentage of the whole
amount crushed; in some instances more than 10 per cent. When one or more of the settling

tanks in the mills have been filled the stream is diverted from such to others that have been
emptied, and the full ones are in their turns cleaned out, the sand or crashed ore Iking then sub-

jected to the grinding and amalgamating process of the pan.
Modifications of the amalgamating pans employ« d in the reduction works of Nevada are almost

endless. There is, however, a simple form of apparatus usually known as the common pan. with
which results can, by careful working, be obtained almost as good as from those of more complicated
construction. The common pan. Figs. G900, 6907. is a round wooden or cast-iron tub, 6 ft. in

diameter, and about 2 ft. in depth, with a flat bottom. A false bottom of lj-in. iron is insert« d into
this, and a hollow pillar in the centre admits the passage of an upright shaft, which is generally
worked by gearing beneath the pan, capable ofcommunicating to it from fifteen to twenty revolutions
a minute. To the wooden arms a are attached the blocks 6, also of wood, to which are fastened the
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iron shoes c, by means of the bolts d, passing up through the arms. Each shoe has also an iron pin,
about an inch in length, which fits into the wooden block and keeps the iron facing steadily in ite

6907.

place. On the shaft/, passing through the central pillar /', is the yoke g, which, being fitted with
a sliding key, can be raised by means of the screw A ; and the ends of the yoke itself being attached
to the wooden cross arms, the mullers will be raised at the same time. Steam is introduced into
the pulp by the pipe i, the discharge being effected by means of the apertures J. The false bottom
is made 1 in. less in diameter than the bottom of the pan itself, and has an aperture in the centre an
inch larger in diameter than the base of the pillar, in which the vertical shaft works. To fasten the
bottom in its place, and prevent the mercury from finding its way under it, strips of cloth, about
2 in. in width, are lapped around the edge of the false bottom, as well as applied against the sides
of the pan. A little iron cement is then poured in, and the bottom secured in its place by means of
well-dried wooden wedges tightly driven between the two layers of cloth. These wedges, which are
driven quite close to each other, must be somewhat shorter than the thickness of the false bottom ;

thus leaving a space above them which is subsequently covered with a paste of iron cement, that is
allowed to set before using the apparatus. About 1 horse-power is required to work this pan,
which will amalgamate from 1J to 2 tons of ore in the course of twenty-four hours.

A very good but more complicated pan is Wheeler's, represented in Fig. 6908, A being the pan,
with the dies a in their several places ; whilst B is the rotating muller, fitted with its shoes b,

removed from the pan, and turned bottom upwards. The upper muller is driven by means of a
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hollow cone, which passes over the central pillar, and is connected with the vertical shaft by means
of a sliding key.

The distance between the mullers is

regulated by a screw, fitted with a hand-
wheel. The shoes b are secured to the
upper muller, either by bolts and nuts,

or more frequently by projections passing
through inclined oblong holes in the

rotating plate, to which they are firmly

secured by means of wooden wedges.
The dies a are laid on the bottom of the
pan, and kept in their places by the ring

c in the centre, and on the sides by the
inclined ledges d, under which their

ends are wedged. The dies, like the
shoes, are 1 in. thick, and bevelled on
the edges in the same direction ; so that,

when put together, grooves are formed
between them, as shown in the drawing.
On the upper side of the outer edge of

the muller are inclined ledges, which in

connection with those, d, cast on the pan,
create an upward current in the pulp;
whilst guide-plates, which slide into

grooves at <?, convey it towards the
centre. This pan stands on a cast-iron

framing, and is driven by mitre-wheels
from beneath.

From the dies and bottom not being
cast perfectly true, the grinding surfaces

are often, at first, a little uneven, and
consequently the grinding planes sliould

not at once be brought into too close

contact.

The runner of these pans requires to

be lifted at least oncea week for the purpose of removing the amalgam which accumulates around
the central pillar, and thus prevents the pulp from passing freely between the grinding surfaces.

This pan is generally made 4 ft. in diameter at bottom, and requires from 2| to 3 horse-power to

work it efficiently. It usually makes about sixty revolutions a minute.
The operation of the pan consists in the further reduction or grinding of the stamped rock to a

fine pulp and in the extraction of the precious metals by amalgamation with quicksilver. The
quantity of ore with which a pan is charged for a single operation varies from 600 or 800 to 4000 or

5000 lbs., according to the size of the pan. The ordinary charge of pans most generally in use is

1200 to 1500 lbs.

In charging the pan the muller is raised a little from the bottom, so as to revolve freely at first.

Water is supplied by a hose-pipe, and at the same time the sand is thrown into the pan with a
shovel. Steam is admitted, either to the steam-chamber, in the bottom of the pan, or directly into

the pulp. In the former case the temperature can hardly be raised as high as in the latter ; but, on
the other hand, when steam is introduced directly care is necessary to avoid reducing too much the

consistency of the pulp by the water of condensation. The pulp should be sufficiently liquid to be
kept in free circulation, but thick enough to carry in suspension, throughout its entire mass, the
finely-divided globules of quicksilver. In some mills both methods of heating are employed in the

same pans, the temperature being first raised with each charge by live steam, and afterward sus-

tained by admitting steam to the chamber only. Some pans are covered with wooden covers to

assist in retaining the heat. When properly managed the temperature may be kept at or near
200° Fahr. When, in the use of live steam, the pulp becomes too thin, the supply of steam is cut
oft", the covers removed, and the pulp allowed to thicken by the evaporation of the water. The
steam in the chamber may keep the temperature up to the desired point in the meantime. Another
advantage of the steam-chamber is that the exhaust steam from the engine may be used in it, while
for use in the pulp it is better and customary to take steam directly from the boilers, because that

which comes from the cylinder of the engine is charged with oil and is injurious to amalgamation.
The muller is gradually lowered after the commencement of the grinding operation, and is allowed

to make about sixty or seventy revolutions a minute. In the course of an hour or two the sand should

be reduced to a fine pulpy condition. When this has been accomplished, and occasionally at an
earlier stage of the operation, a supply of quicksilver is introduced into the pan, the muller slightly

raised from the bottom to avoid too great friction, which would act to the disadvantage of the

quicksilver, and the action continued for two hours longer, during which the amalgamation is in

progress. The quicksilver is supplied by pressing it through canvas, so as to scatter it upon the

pulp in a finely-divided condition. The quantity varies greatly in different mills, the ordinary

supply being about 60 or 70 lbs. to a charge of ore consisting of 1200 or 1500 lbs. In some mills a

quantity, varying from 75 to 200 or even 300 lbs., is put into a pan when starting up after a clean-

up, and subsequently a regular addition of 50 or GO lbs. made with each charge.

To promote amalgamation it is the general custom to add to the charge, either at or soon after

the beginning of the grinding, or at the time of supplying the quicksilver, various materials gene-
rally described as chemicals, and usually consisting at the present day of sulphate of copper and

8 x
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salt. The quantity used varies from a quarter or half a pound to three or four pounds to each

charge of ore ; the two substances being employed in very variable proportions in different mills.

Two hours having been devoted to the grinding, and two or three more to amalgamation, the

pan is discharged, and its contents received by a settler or separator. The pan being emptied and
partly washed out by the ¡stream of water, is again charged with a fresh quantity of sand, and the

grinding operation is resumed.

Settlers or separators, like the pans, differ somewhat in details of construction, but they usually

are round tubs of iron or of wood with cast-iron bottoms, resembling the pans in general features,

but larger in diameter.

In some mills, at a stated hour of each day^ the quicksilver coming from the settlers is strained

and the amalgam extracted; in others, as the quicksilver thickens or becomes sluggish by the

accumulation of amalgam, it is diluted by the addition of fresh quicksilver, and the straining of the

amalgam is only made once in several days.

From time to time the pans and settlers must be stopped and cleaned. For this purpose the

mullers must be raised, the shoes and dies removed from their places, and all the ironwork of the

pans and settlers carefully scraped witli a knife, to remove and collect the hard amalgam which
attaches itself to such surfaces. In many cases one-fourth or even a greater proportion of the total

product of amalgam is obtained in this way.

The amalgam, having been strained in bags similar to Fig. 6902, and forcibly pressed, to expel as

much of the fluid quicksilver as possible, is then subjected to the process of sublimation in a retort

about 12 in. in diameter and 3 ft. long, mounted on an arch of fire-brick, and placed within another

arch, from the crown of which the smoke is carried off to the chimney. The retort is fitted with a

stout cover, carefully adjusted like the stopper of a coal-gas retort. From the upper part of the end
a 2-in. iron pipe carries off the volatile matters. This is so fitted to the downcast pipe, 4 ft. in length,

that, by T-pieces an(i stoppers, every facility is afforded for cleaning out the pipes. The downcast
pipe is so fitted within another pipe 3£ to 4 in. in diameter, as to constitute a Liebig's condenser,

into the bottom of which cold water is supplied; the heated water flowing off from the top. The
downcast pipe opens into a small bottomless chamber, immersed sufficiently low in a tank of water
to keep it air-tight, but in such a manner as to prevent accidents from the absorption of water into

the heated retort.

This retort is provided with several cast-iron semicircular trays, which slide easily in and out
;

these are divided into two parts by a transverse partition. Before the weighed charge of amalgam
is put into the tray, it is coated with milk of lime, or a thin wash of clay, and not unfrequently a
sheet of paper is also placed over the bottom. By these precautions the retorted amalgam is pre-

vented from adhering to the iron, and much trouble avoided. The charge having been placed in the

retort, the cover is carefully luted with a mixture of clay and wood-ashes, made up into a thin paste.

The fire is then lighted, and the heat slowly and steadily raised, until the retort is of a bright red

6909.

colour, and is so maintained until the mercury ceases to distil over. The retort is now allowed to
cool gradually down, and when cold the retorted silver is withdrawn and weighed, as is also the
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mercury obtained, as a precaution against any possible loss of quicksilver from hidden leaks in the
retort. About one-sixth of the charge usually remains, or 200 lbs. of crude bullion from 1200 lbs.

of amalgam. The retorted amalgam is broken up, melted in plumbago crucibles, and cast into bars
or ingots of bullion of from 1000 to 1500 oz. each. These are assayed and valued, the value being
marked on the bars, which are then ready for the market. The quality or fineness is marked in
thousandths, thus—gold 24, silver 841, making together 865 thousandths; leaving 135 ¡arts in a
thousand, which principally consist of copper ; but no notice is taken of this, as it is of no money
value in the sale of the bar.

The retort employed at the mills near Virginia for the distillation of silver amalgam is repre-

sented, Figs. 6909, 6910, of which the second
is partially in section, and the first is a longi-

tudinal section.

The ash-pit A is beneath the fire-place B,
which communicates, by means of flues a,

with a chamber 6, enclosing the east-iron

retort C, from which the products of com-
bustion are conveyed by the flues 1, 2, 3,

through the arched cavity c, to the chimney d.

By dampers covering these flues the
draught may be controlled so as to heat the
retort according to the requirements of the
case. The pipe D carries the vaporized
mercury to the vertical pipe E, in which it

is condensed by the action of a stream of
cold water passing upward from the bottom
through the Liebig's condenser F. The con-
densed mercury collects in the reservoir G,
from which it is drawn off into bottles through
a bent tube at the bottom. Any vapours
escaping from the retort-door are conveyed
into the flues by the hood e, of sheet iron.

The arrangement of the cover of the retort is

shown at g, and a portion of the semi-cylin-

drical tray, used for charging the retort, at h
;

the position of the iron plates and braces for

binding the brickwork is represented by the
letters/.

The pulp, after passing from the settlers,

in which, as before described, the quicksilver
and amalgam are separated from it, is vari-

ously treated in different mills. Frequently
the whole mass is allowed to pass through
agitators, tubs, or vats of various devices, for the purpose of saving some of the quicksilver and
amalgam that are unavoidably carried off with it from the settler. In some mills various kinds of
concentrators are employed for a similar purpose, and to obtain the heavy undecomposed sulphurets
in concentrated form ; in other cases, where there is water sufficient and the lay of the land favour-
able, blanket-tables are constructed outside the mill, over which the stream of tailings is allowed
to run, and a portion of their valuable contents caught in blankets ; and, at convenient pointy, dams
are constructed for the accumulation of tailings, which, after months of exposure to the influences of

the weather, may be again worked over with profit.

The ordinary working result obtained by treating the ore as above described in the pan and
settler varies between 65 and 75 per cent, of the assay value, which, by subsequent treatment, is

increased sometimes to 85 or 90 per cent.

Barrel Amalgamation.—The combinations in which the gold and silver exist in the first-class

Comstock ores unfit them for profitable treatment in the simple grinding and amalgamating process

just described.

The method of treatment to which the ore is subjected, therefore, is similar to the Freiberg barrel

process, and consists of drying, crushing by stamps without the use of water, roasting with salt,

amalgamation in revolving barrels, and the separation of the gold and silver from the quicksilver

by the method of retorting.

The drying kiln at the Savage mine is formed of a series of flues, covered by a cast-iron floor,

on which the ore, already reduced to a size suitable for stamping, is spread. The surface for the

reception of the ore is about 8 ft. wide by 12 ft. long. The iron is cast in sections or plates, 8 ft.

long by 3 ft. wide, with a strengthening rib on the under side. The base of the kiln is brickwork,

and the flues are about 8 in. deep. They arc covered by the iron plates. At one end of the kiln

is a fire-place, and at the other a stack, so that the heat passes from one end to the other under the

iron cover or floor, on which the ore is spread to a depth of 4 or 5 In. The ore is constantly raked
and turned until quite dry.

When the kiln is conveniently placed, as in some similar establishments in Easttrn Nevada, the

heat from the roasting furnaces, on its way to (he stack, passes through the flues, saving a special

firing. In the present instance there are three kilns, able to dry about 25 tons a day, consuming in

all about a half cord of wood in twenty-four hours, and requiring one man's attention to keep up
fires and rake over the ore.

For crushing the rock, after drying, there are twenty stamp?, arranged in batteries of four,

weighing about 600 lbs. each, dropping 8 or 9 in. about sixty-five times a minute. The foundations

8x2
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and battery-frame are not essentially different from those in wet-crushing batteries. The mortars

differ from the high ones used for wet-crushing, consisting of a bed-piece, with sides and ends that

are only high enough to provide the means of bolting the iron casting to the woodwork of the

battery-frame, attaching the screen-frames.

The dies are flat, circular pieces of cast iron, that fit into recesses in the bottom of the mortar.

Each die has two lugs or projections on its periphery, which, being dropped into a groove in the

bottom of the mortar, may then be revolved 90°, under a flunge or lip with which the recess is cast.

Molten lead is then poured in to hold the dies firmly. When it is desired to remove them, quick-

silver is poured into the battery, dissolving the lead and loosening the dies. By retorting the

quicksilver both metals are recovered.

The discharge is at both sides and ends. Screens of brass wire-cloth are used, having 40 meshes

to the lineal inch, or 1600 holes to the square inch. The stamps crush from a half ton to 1 ton

a head each day of twenty-four hours. The batteries are enclosed by housings or closely-fitted boxes,

which serve as receivers for the crushed material. The casings are provided with doors, by means

of which the workmen can enter and remove the crushed ore by shovelling it into barrows.

Roasting. The fine ore after crushing is roasted with salt in reverberatory furnaces. These are

built of common red brick. Figs. 6911, 6912, show the method of their construction. Fig. 6911 is

6911.
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a horizontal section through the line A B, Fig. 6912. H is the hearth ; D the stirring door ; d the

discharge door ; G the grate ; C the bridge ; F the flues ; p the ash-pit ; J the hopper. The
charge consists of 1000 lbs. of ore, which is mixed with 6 per cent, of salt, the latter being added to

the charge in the hopper, by which the furnace is supplied. The charge is heated very gently at

first, the temperature being gradually raised, until at the end it is subjected to a high heat.

Usually six hours are required for the roasting. The charge is constantly stirred, and once or twice

during the operation it is turned ; that is, the portion of the charge remote from the bridge is

caused to exchange place with that which is near.

The operation effected by thus roasting with salt consists, very briefly expressed, first, in the

oxidation of the metallic compounds, converting the sulphurets, in which form the silver chiefly

exists in the ore, to sulphates ; and the subsequent decomposition of these combinations by the

salt, with the formation of the chlorides of the metals. Sometimes an addition of limestone is

made to the charge, for the purpose of decomposing the chlorides of copper, zinc, and so on, thus

preventing, to some extent, their subsequent amalgamation in the barrel, and obtaining bullion of

a purer quality.

Each furnace roasting four charges of 1000 lbs. each, or 2 tons, in twenty-four hours, consumes
one cord of wood. Two stirrers are employed on each twelve- hour shift, making four men in

twenty-four hours. One man is required to receive and attend to the ore on the cooling floor, after

its discharge. The same man can attend to more than one furnace.
The roasted ore is passed again through a screen, having 1600 holes to the square inch, in order

to remove from it any lumps that may have formed by caking in the furnace, or coarse particles that
may have escaped the battery-screen. It is then elevated to a large hopper, placed above the amal-
gamating barrels, to which latter it is thence supplied by means of sma^er hoppers, one of which is

suspended over each barrel.
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The barrels are 4 or 5 ft. in length and diameter. They are usually ma<le of soft pine. Figs.

6913, 6914, are a vertical section and end view* of an amalgamating barrel, formerly used at the

Gould and Curry Mill. The ends of the barrel are made of plank, fitted together and joined

6915. 6916.

with a tongue of hard wood. The staves of the barrels are sometimes made of 6-in. stufi", without
lining; sometimes, as in the figure, the staves are 2 or 3 in. thick, with an interior lining of blocks,

4 or 5 in. square and 3 or 4 in. thick, and so placed in the barrel that the wear is on the end of the
grain. This lining can be removed when worn out. The staves of the barrels are bound with iron

hoops, the ends of which are drawn together as in Fig. 6915. The ends of the barrel are
strengthened by a four-armed flange of cast iron. The barrels are caused to revolve by cog-gearing,

the teeth being put on in segments around the end of the barrel ; or by belting, or, as at Austin, by
friction-gear. The barrel, of which Fig. 6913 is a section, shows a contrivance for admitting steam
to the pulp through the trunnion. This arrangement, not very cemmon, consists of a steam-pipe £>,

Fig. 6916, which enters the trunnion and fits smoothly against the end of another pipe q, that passes

through the end of the barrel and admits the steam to the interior. The interior pipe q revolves

with the trunnion, while the exterior pipe p is fixed and remains without motion. The trunnion T
is keyed to the flange already referred to.

The barrels are charged with about 2000 lbs. of ore, mixed with water enough to make a mode-
rately thick paste. Before adding quicksilver, the charge is revolved for two or three hours in the
barrel with several hundred pounds of scrap iron. The object of this is to effect a partial reduction

of the chlorides present, which would otherwise be performed at the expense of the quicksilver.

The chloride of silver is partly reduced by the metallic iron, and is subsequently amalgamated by
the quicksilver. The same is true of the lead and copper. Quicksilver is added according to the

richness of the ore, usually varying from 250 lbs. to 500 lbs. or more. The barrel is run two hours,

at twelve or fifteen revolutions a minute, and then examined, that the consistency of the paste may
be ascertained. If the latter is too thin the quicksilver settles on the bottom. This condition

is remedied by the addition of more roasted ore ; while if too thick for the most favourable distri-

bution of the quicksilver, more water is added. The barrel is then allowed to revolve again for

fourteen hours, making fifteen revolutions a minute. The whole time occupied from the chargin

to the discharging of the barrel is eighteen or twenty hours. When the amalgamation is complete,

the paste is thinned by the addition of water, and the quicksilver and amalgam are thus allowed to

collect on the bottom of the barrel.

Below the barrels is a large hopper or runnel-shaped contrivance, sloping down from the four

sides to a common centre. When a barrel is to be discharged, a small plug in the side is loosened

while turned upward ; and when the barrel is revolved, so that the plug is downward, it is drawn
out by hand. The quicksilver and amalgam are discharged into the hopper, and are allowed to run

from the barrel until the pulp begins to follow, when the plug is replaced. When all the barrels

ready for that purpose are discharged, the amalgam in the hopper is carefully collected and washed,

and afterward cleaned in a common pan like those in use in other mills for similar purposes. The
straining of the quicksilver and retorting of the amalgam is performed in manner similar to that

already described.

After the hopper below the barrels has been cleaned of all the quicksilver discharged into it,

the residue is permitted to flow from the barrels and to run down into a large agitator, 8 or 10 ft.

deep, and 12 or 15 ft. in diameter, in which stirring-arms are revolving. By this means the unse-

parated quicksilver and amalgam are allowed to settle, and the concentrations of this vessel are

worked over in pans, while the mass of tailings, passing from the settler, are subjected to further

methods of concentration and subsequent treatment.

The different processes by which silver is obtained by the wet way from the various ores and
metallurgical products containing that metal, have, in many cases, supplanted the older processes

of "liquation and amalgamation, and may be often advantageously adopted for Ihe treatment of
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argentiferous compounds ;
particularly when the amount of lead present is small, and the proportion

of copper large.

Augustin's process was first introduced in 1849, but after a short time it was superseded by the

simpler process of Ziervogel.

Ziervogel's Process.—The efficiency of this method depends on the circumstance, that when a

finely-powdered matt, consisting of the sulphides of copper and iron containing a certain proportion

of silver, is, with proper precautions, roasted, in a reverberatory furnace, the iron and copper first

pass into the state of sulphates, which are afterwards transformed into oxides. The sulphide of

silver subsequently undergoes a similar transformation, and, if the roasting were continued, would
ultimately be reduced to the metallic state. If, however, the operation is arrested at the proper

stage, the copper and iron will have become transformed into oxides, whilst nearly the whole of

the silver exists as a soluble sulphate readily removed by water ; which thus affords a means of

separating that metal from the other constituents of the charge, which are, for the most part,

insoluble in that menstruum. From the argentiferous liquors thus obtained, the silver is afterwards

precipitated.

The matt, after being ground between a pair of millstones, 4 ft. in diameter, made of the granite,

is bolted through a circular sieve, of from 1400 to 1500 apertures to the square inch, and then care-

fully ro isted in a reverberatory furnace, specially adapted to the purpose.

The success of this process depends on the degree of facility with which the operation of roasting

may be controlled, so as to be enabled to seize the exact period at which the several metallic com-

pounds are in the preoise condition required. The sulphate of copper should be, as far as possible,

converted into an oxide, whilst the whole of the silver ought to exist in the form of a soluble

sulphate. Should the roasting be arrested before this point has been attained, a large amount of

copper will ba found to remain in a soluble state ; whilst a portion of the silver still exists in the

form of an insoluble sulphide. If, on the contrary, the roasting is carried t<.o far, the sulphate of

silver will have become reduced, leaving that metal in the metallic state ; which, being totally

insoluble in the hot water employed for lixiviation, will remain with the copper, and become com-

mercially lost. Long pra ctice and much observation are required on the part of the workmen

employed in this process.

The roasted argentiferous matt is taken from the furnace to the lixiviation department, which

consists of a large room, in which a number of vessels are arranged, Fig. 6917, and so placed that

the liquors flowing from one are immediately received in the next which follows in the series.

The powder to be operated on is

divided into parcels, which are placed in

the vessels A, provided with filters and
false bottoms ; liquor from a previous

operation, together with a small quantity

of fresh water, both heated to a tempera-
ture of 160° Fahr., are run into each of

the upper tubs through the pipes a, b.

A little sulphuric acid is also employed.
This fluid soon permeating the ore in the

tubs A, takes up the sulphate of silver,

and any other soluble salts present, which
passing through the filter are carried in

solution into the tank B, divided into two
parts. In this reservoir the liquors enter

the first division, and after allowing the

matters held in suspension to settle, the

solution flows over the partition, and from
thence through ten taps into as many
tubs C. In the bottom of each of these

are placed 10 lbs. of cement copper and
250 lbs. of coar.se copper bars, by which
the larger proportion of the silver is pre-

cipitated in the metallic form. The fourth vessels D, of which there are five, aiso contain metallic
copper, and in them are precipitated any traces of silver which may have escaped precipitation in
the tubs C. From these last tubs the spent liquors flow off into the lead-lined cistern E ; from
which they are subsequently raised by steam pressure into another leaden cistern above the level
of the first series of tubs A, heated to a temperature of 160 J Fabr., and passed over a fresh charge
of roasted matt, introduced into the series of dissolving vessels A.

About two and a half hours are required to dissolve out the sulphate of silver contained in each
charge ; and at the end of that timo the residual contents of the dissolving tubs are transported to
an adjoining room, where an assay sample is taken. Should the results of this assay show that the
amount of silver remaining is less than 0' 00038 of the weight of the material operated on, the resi-

dues are placed aside, for the purpose of being fused for blistered copper; but if, on the other hand,
thevcontain more than this proportion of silver, they are re-roasted.

The finely-sifted matt, after being withdrawn from the furnace, is allowed to remain about
eight hours before being introduced into the lixiviating tubs, and thus becomes cooled down
to about 100° Fahr, before charging. When placed in the tubs, hot water is admitted from o

i

until it begins to escape from the taps at the bottom. The water is then turned off, and hot
liquors from a previous operation are introduced from the leaden cistern by the pipe 6, until the
liquid flowing from the cocks at the bottoms of the tubs no longer affords a precipitate of chloride
of silver on the addition of a weak solution of common salt. The final liquors collected in the
vessel E, when they have become too highly charged with sulphate of copper, are brought in contact
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with scrap iron, and thus afford a supply of cement copper, which may be subsequently employed
in the tubs C and D.

The process of Ziervogel is, however, adapted to the requirements of comparatively few
localities, since the presence of certain impurities, and particularly of any considerable amount
of either arsenic or antimony, gives rise to the formation of insoluble salts, which materially inter-

fere with the extraction of silver.

Von Patera's Process.—This method of extracting silver from its ores consists in roasting them
with an addition of common salt until the whole of the silver has been transformed into chloride ;

in dissolving out the chloride of silver by means of a cold dilute solution of hyposulphite of soda ; in

precipitating the silver in the form of sulphide by the addition of polysulphide of sodium ; and
in reducing the precipitated sulphide of silver to the metallic state by exposing it in a muffle, at a
high temperature, to the ordinary influences of atmospheric air.

The prepared ores are subjected to a process of roasting in a furnace of peculiar construction,

and a small boiler, set in brickwork near the furnace, supplies low-pressure steam, which can,

when required, be introduced into the tubular bridge, and allowed to escape in numerous jets

over the surface of the roasting ore.

The mineral to be operated on is introduced into this furnace, and the heat slowly and
cautiously raised. As soon as the charge has arrived at a red heat the tap is turned, and as much
steam blown into the hearth as can be safely introduced without so far reducing tho temperature
as to materially check the activity of the various chemical decompositions which it is desired

to effect. At the expiration of four hours from the time of charging, the operation is usually

completed ; and the ore, after being withdrawn and allowed to cool, is taken to a mill, in which
it is ground to a fine powder, with the addition of from 6 to 12 per cent, of common salt, and
2 to 3 per cent, of sulphate of iron. A charge of this mixture, weighing 30C lbs., is now
introduced into a similar furnace. This, is raised to a red heat, and the steam admitted as before,

care being taken to keep the contents of the apparatus constantly stirred. The temperature is now
gradually increased, and at the end of from ten to sixteen hours, according to the nature and rich-

ness of the ore, the operation is complete.

The apparatus employed for the purpose of solution and precipitation will be understood by
reference to Fig. 6918, which represents a vertical section of the whole arrangement.

6918,

.— , i .——*=

^i§ ¡¡¡¡¡Il

In addition to chloride of silver, which is insoluble in water, the ores contain a certain amount

of copper, zinc, nickel, cobalt, iron, which, being present in the form of sulphates and chlorides,

are readily dissolved in that menstruum. luto each of the tubs A, first series, the roasted ore is

introduced, and boiling water is allowed to percolate through the several charges during a period

of six hours. By this means all the soluble salts enter into solution, and passing through the filter a,

are conveyed by the trough b into suitable tanks, in which they are precipitated by lime water,

and, if found to contain a sufficient amount of silver, are subsequently treated by fusion with lead

ores in a blast furnace.

The liquors falling into b are from time to time tested by sulphide of ammonium, and as scon

as no further precipitate is obtained on adding to a sample a few drops of this reagent, the operation

is considered to be finished, and cold water is passed through the tubs for the purpose of reducing

the temperature of the residues, which must not until quite cold be subjected to the action of the

solution of hyposulphite of soda.

The pulverized ore remaining in the several vessels A, which has been thus freed from all the

different salts soluble in hot water, is now transferred to the tubs B, which, like the first fire

furnished with filters and false bottoms. These are placed on a level with the tub A, between

which and the vessels B is a small railway on which is the car c. The tubs B stand on a low

truck c', which can be run from the position shown, on to the wagon c, and afterwards made to

traverse, either backwards or forwards, parallel with and in close proximity to the line of tubs A.

The vessel b, after receiving a charge of 200 lbs. of the residual ore from one of the tubs A, is

taken back to its place auel there treated with a cold aqueous solution of hyposulphite of soda
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brought from a tank by means of the trough b\ and allowed to percolate slowly through the mass.
In this way the chloride of silver is taken up in the form of a double salt and passes through the
filter in the bottom of the tub into the trough d, by which it is conveyed to the precipitating

tubs E, F.

The time necessary for the completion of the operation is more or less influenced both by the
richness of the ores and their state of mechanical division, the richest samples containing 15 per
cent, of silver, requiring as much as forty-eight hours before becoming sufficiently impoverished

;

whilst the poorer ones, affording about 1 per cent, of silver, generally require but twelve hours for

their treatment. In the case of ores not containing above 7 per cent, of silver, one chlorination and
lixiviation is found sufficient, but when richer ores are operated on it becomes necessary to have
recourse to two distinct processes of lixiviation, together with an intermediate roasting with salt

and sulphate of iron. The lixiviation is known to be complete when the liquors dropping from the
tubs no longer afford any traces of a precipitate on the addition of a few drops of sulphide of

ammonium, and the residues are then removed, and, after being dried, fused in a blast furnace for

copper.

The liquor flowing through the filters in the tubs A is conducted by the trough d into the

vessels E, F, of which there are ten, six holding 40 gallons each, and four of the capacity of

80 gallons. The precipitant here employed is a polysulphide of sodium, produced by fusing
common soda ash with sulphur, and subsequently boiling the product, dissolved in water, with
sulphur in a finely-divided state. The solution thus obtained is taken in large stone jars to the
precipitating tubs, and poured into the argentiferous liquors so long as a precipitate is produced by
the introduction of an additional quantity. The contents of the tubs, after being well stirred, are

allowed to settle, and a sample of the clear liquor having been taken in a test-tube, a little of the
solution of sulphide of sodium is added.

If a dark-coloured precipitate is formed, it shows that a portion of the silver still remains in

solution, and a further supply of the alkaline sulphide is required in the precipitating vessels. If,

on the contrary, the addition of polysulphide of sodium has not the effect of producing a dark pre-

cipitate, it becomes probable that too large an amount of the sulphide may have been added to the
argentiferous liquor. In order to ascertain this fact, some fresh liquor, holding the double salt ol

silver in solution, is added to a sample taken from the tub under examination. Should a precipi-

tate of sulphide of silver appear, fresh argentiferous liquor must be carefully added to the tub until

no further reaction is observed. When this point has been attained, all doubt as to whether the
whole of the silver has been precipitated on the one hand, and that no excess of the precipitant has
been employed on the other, is removed by the addition to one sample of a few drops of a weak
solution of common salt, and to another, of a small quantity of acetate of lead.

If no precipitate of chloride of silver is produced by the addition of chloride of sodium, it is a
proof of that metal having been completely removed ; and should no discolouration take place on the
addition, to the other sample, of a solution of acetate of lead, it shows that no excess of the precipi-

tant has been added.

Six hours are now allowed for the flocculent precipitate to settle at the bottom of the tubs, after

which the clear liquor is siphoned off into a reservoir beneath the floor, and the black slimy sulphide
drawn off by the taps e, f, to be placed in a filter-bag of close canvas.

The spent liquors from which the sulphide of silver has been precipitated are afterwards pumped
from the tank beneath the floor of the establishment to another above the level of the row of tubs A,
from which they are drawn off, aá they may be required, for the lixiviation of a subsequent charge
of roasted ore.

The pasty sulphide of silver as drawn from the precipitating tubs is placed in conical canvas
bags G, supported on wooden frames, and allowed to drain. After standing in the filter until it has
ceased to drip, the pasty mass, together with the enclosing bag, is placed under a screw press, and
the remaining moisture expressed as completely as possible. The precipitate is now removed from
the bag, dried, and, after being replaced in the filter, is washed with hot water for the purpose of

removing the adhering soluble salts, of which sulphate of soda is the chief ingredient. The sulphide
of silver, thus purified, is again dried, and afterwards heated to redness in a muffle, through which
a current of air is allowed to circulate. In this way the sulphur is almost entirely burnt off, and at

the expiration of about two hours the entire mass has assumed the metallic condition.
This metallic residue is now fused, in charges of about 300 Th., in large plumbago crucibles, and

any traces of sulphur which it may still retain removed by the addition of metallic iron, with which
it forms a ferruginous sulphide readily skimmed from the surface of the metal. A small quantity
of a mixture composed of wood-ashes and bone-ash is now thrown on the surface of the metallic
bath, and this, on being carefully scraped off, leaves the fused silver in a condition suitable for
casting into ingots. Bars produced by this process usually contain from 980 to 985 thousandths of
silver.

Smelting.— Cupellation.—The amount of silver extracted from ore by smelting is small compared
with that produced by amalgamation ; but smelting processes are economically employed when
advantage can be taken of the affinity which lead possesses for such ores, when in a fused state.
Lead in this condition renders a similar service to that performed by mercury at lower tempera-
tures. The furnace commonly omployed on the continent of Europe, where the lead to be operated
on is often subjected to cupellation without any preliminary concentration of the silver, is repre-
sented, Figs. 6919, 6920, of which the first is a vertical section, and the second a section at the level
of the tuyeres.

This apparatus is a reverberatory furnace, consisting of a circular hearth A from 9 to 10 ft.

in diameter, sloping from all sides towards the centre, built of bricks b, set on edge on a layer
of broken slags c. On this is laid a bed of marl a, which is firmly beaten in, when in a damp state,
and renewed after each operation. "When good marl for this purpose cannot be obtained, a mixture
of clay and lime, or clay and wood-ashes, is employed. This bed of marl constitutes the cupel,
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which is heated by means of fagots of brushwood burnt in the fire-place B. The root ot this

furnace consists of a sheet-iron dome C, which may be suspended by chains from the crane D, and
which is internally plastered with clay.

The cupelling furnace has five

openings ; one through which the

flam« from the grate enters the

hearth ; two, d, through which the

nozzles pass supplying the blasts

to the surface of the metallic batli,

for the purpose of oxidizing the

lead, and which also assist in

carrying the resulting litharge

towards the annular space before

referred to ; the aperture E is em-
ployed for the introduction of the

discs of lead to be cupelled; and
F is that through which the fused

litharge makes its escape from the

furnace. At the commencement of

the operation this last opening Is

closed by the edge of the layer of

marl ; but as the cupellation pro-

ceeds, it is from time to time cut

down, so as to keep the channel

constantly at the level of the me-
tallic bath. The litharge thus

flowing from the apparatus accu-

mulates on the floor of the smelt-

ing house, where it solidifies, and
from whence it is removed.

Before commencing a cupella-

tion, it is necessary to prepare the

cupel ; and for this purpose, after

lifting the iron dome, the old cupel,

which has become thoroughly im-

pregnated with litharge, is broken
up and removed, in order that it

may be passed through the blast

furnace. The brick bottom of the

apparatus is now moistened with
water, and successive layers of

finely-ground marl are well beaten in whilst in a somewhat damp state. The iron covering is

replaced when the cupel has become sufficiently dry, and all the joints are well secured by luting

them with clay.

The furnace is now charged with about 8 tons of lead, which, to prevent injury to the

bottom, is laid on a bed of straw ; the fire is lighted, and the metal rapidly begins to melt. As soon

as the fusion of the discs is completed the bellows are slowly set in motion, and the surface of the

bath becomes covered with a dark-coloured powder, consisting of oxide of lead, associated with

various impurities. These pulverulent matters do not enter into fusion ; but the refiner now and
then throws a shovelful of coal-dust on the surface of the bath, and by the aid of a billet of wood,

fixed crosswise on the end of an iron bar, draws the impure oxides towards the hole through which
the litharge escapes, and finally on to the floor of the works. After the expiration of a short time

fused litharge begins to make its appearance ; but that at first formed, being impure, from the

presence of other oxides, is usually laid aside, and not mixed with the purer desc iptions which
soon follow; these are generally sold for glass-making and other purposes, in preference to being

again reduced to the metallic state. The litharge produced during the last period of the cupellation

invariably contains a considerable amount of silver, and, after being reduced to the metallic state,

forms a portion of the charge worked in a subsequent operation.

The blast is now slightly increased, and the oxidation proceeds rapidly; small flaps, or valves,

being frequently fitted to the ends of the nozzles, for the purpose of checking its strength, and

distributing it more evenly over the surface of the fused metal. The operation is continued in this

way until almost the whole of the lead has been converted into oxide; and the silver, retaining

onlv traces of that metal, remains in the cupel, in the form of a metallic cake.

At the moment the oxidation of lead entirely ceases, a phenomenon known as the brightening

takes place, and the operation is then known to be terminated.

As soon as the operation is thus perceived to have terminated, the refiner throws water into the

hearth, and removes the solidified cake of silver, which usually still retains a sufficient amount of

lead to render its further purification necessary.

The purification of the silver obtained by the process just described is frequently effected in a

small reverberatory furnace, of which the bottom is composed of bone-ash, tightly rammed, whilst

in a damp state, into an iron ring, and afterwards so hollowed out as to contain the hath of fused

metal. The cupel, which must Ije thoroughly dry, and ought therefore to be prepared some time

beforehand, is, whilst the furnace is still cold, so supported on brieks against abutments prepared

for that purpose, as to form the bottom of the apparatus. It is chargea with about 1 cwt. of the

impure silver to be operated on, and the firing is continued until a bright red heat has been
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attained ; the silver, which has by this time become fused, being exposed to the oxidizing influences

of the flame. In this way the lead contained in the alloy becomes oxidized, and the resulting

litharge is absorbed by the cupel, of which the temperature is sustained until the oxidation of all but

the last traces of lead has been produced. When this point has been attained, the surface of the

fused metal becomes exceedingly brilliant, and reflects, as in a mirror, all the irregularities of the

interior of the crown.

The bottom of the cupel is now pierced by a pointed iron bar, and the silver is run out into

moulds, previously heated on a ledge of the furnace. In order to prevent the spirting, or vegeta-

tion, of the bars, they are covered whilst cooling by a piece of dry wood, kept down by a weight
;

and in case of any irregularities making their appearance on the surface of the ingots, they are sub-

sequently removed by hammering. This operation altogether occupies from four to five hours, and

the resulting bars usually contain from 997 to 998 thousandths of silver. The actual loss of silver

is almost inappreciable ; but the diminution in weight experienced, on the crude metal from the

cupelling furnace, is from 2J to 5 per cent.

In the English system of treating argentiferous lead, the lead obtained by the different pro-

cesses before described, in addi-

tion to silver, contains various 6S2i. 6922.

impurities, such as tin, copper,

and antimony, which, when the

metal is subjected to direct cu-

pellation, are removed by skim-

ming; but when the previous

concentration of the silver by
crystallization is resorted to,

they materially interfere with
the operation, and require to be
removed by the process of cal-

cination, which consists in keep-
ing the fused lead exposed at a
cherry-red heat to the oxidizing

influences of the gases passing
through a reverberatory fur-

nace, in which the calcination is

effected. By this treatment the

antimony, copper, and other

impurities become oxidized,

and, rising to the surface, are

skimmed off, and removed by
means of an iron rake. The
length of time necessary for the
purification of hard lead obvi-

ously depends on the nature and
amount of the impurities with
which it is associated ; and con-

sequently some varieties will be
sufficiently softened at the ex-

piration of twelve hours, whilst

in other instances it becomes
necessary to continue the opera-

tion during several days. The
time necessary for sufficiently

softening the argentiferous lead
obtained from the Castilian fur-

nace, when working ordinary
ores, is about thirty-six hours.

The charge of the reverbe-

ratory furnace, which is about
11 tons, is first fused in a large
iron pot, set in brickwork at the
side, and is subsequently ladled
into it through a si leut-iron gutter
prepared for that purpose. The
amount of coals required for the
calcination of a ton of ordinary
hard lead is generally somewhat
less than 3 cwt. The softened
lead is cast into pigs, and is in
that form taken to the crystal-

lizing pots.

Smeltincf in Nevada.—The ore
from the Montezuma ledge, Ne-
vada, is of peculiar character, G!»23. 6924.

consisting chiefly of the oxides
of lead and antimony carrying a small percentage ot silver, averaging, by assay, about $80 a ton.

It is sometimes hard, massive, and compact in character, while the larger proportion is friable,
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showing a fibrous structure. The method of treatment of this ore presents some novelties. It con-

sists of smeltiDg the ore in a shaft furnace, by which means crude metal is obtained, amounting
to 40 or 50 per cent, of the charge of ore, and consisting of lead, antimony, and silver. The shaft

furnace employed for the smelting of the crude ore is shown by Figs. 6921 to 6924. Figs. 6921,

6922, a front and side elevation ; Fig. 6923, a horizontal section through A B ; and Fig. 6924, a

vertical section through O D of Fig 6921. The total height of the furnace is about 40 ft. The
hearth is built of stone, cut from trachytic rock that occurs a few miles south of the works. The
shaft is of common brick, with a lining of fire-brick from the hearth up to the throat.

E is the hearth, or sole ; F the sump, or receiver, into which the metal runs on being tapped
from the furnace ; t, tuyeres

; g, blast-pipes ; A, pipes to supply water to the tuyeres ; L, lining of

the furnace ; M, throat ; N, floor for feeding ore ; S, stack.

The capacity of one of these furnaces is from 12 to 13 tons a day of twenty-four hours. The ore

being broken into small pieces is spread upon the charging floor and mixed with flux. This some-
times consists of limestone, but generally of slag, or both together. Litharge, the product of the
cupelling furnace, is also sometimes used with fresh ore. The ore for the charge, being mixed with
about 25 per cent, of flux, is supplied to the furnace with a sufficient quantity of charcoal, that

averages about 15 bushels to the ton of ore. About 100 lbs. of the mixed charge and coal is fed to

the furnace at once, the supply being continuously kept up as the operation of smelting proceeds.

The blast is supplied by a fan-blower, which is driven by the steam-engine.
When the furnace is in regular operation the slag is discharged continuously, while the metal is

tapped off, at intervals of an hour or two, into an iron receiver, whence it is dipped out and cast in

pigs or ingots of convenient size for further handling.
The yield of metal is from 45 to 50 per cent, of the ore smelted ; one furnace smelting 12 tons of

ore in a day, supplying consequently about 5 tons of crude metal. The ore originally containing

$80 a ton in silver, yields metal which contains from $150 to $200 a ton. The slags are con-
stantly examined. Usually they are quite poor, but if found to contain an available percentage of

metal, are broken up and returned to the furnace with a fresh charge of ore.

The consumption of charcoal in this smelting process is usually about 15 bushels to the ton,

but sometimes exceeds that quantity. It is made from the nut pine.

The refining or calcining furnace for the sublimation of the antimony contained in the crude
metal, and the consequent improvement of the lead, consists of a bath or cast-iron pan, about 13 ft.

long by 5 ft. 8 in. wide and 8 in. deep, the metal being an inch thick. The pan is set in brick-

work, the construction of which is shown by Figs. 6925 to 6928. Fig. 6925 is a side elevation ;

Fig. 6926 a horizontal section through E F ; and Figs. 6927, 6928, transverse sections through A B
and C D of Fig. 6925.

The pan rests ou a substantial foundation, aud is enclosed by side walls of common bricks,

about 10 in. high, over which an arch, Fig. 6928, is turned. A narrow space is left between the
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pan and the enclosing masonry to allow for expansion. At one end of the structure is a fire-place

and asb-pit ; the flame passes over a bridge which separates the fire-place from the pan, and thus

092Ï. 6928.

over the surface of the metal contained in the pan toward the stack at the opposite end. There is

a horizontal channel passing through the bridge behind the pan, opening at the sides of the

furnace and communicating by vertical passages with the interior, by which means air may be

admitted to the charge. Doors are provided in the side of the furnace for the purpose of skimming
off a crust or scum, consisting of lead and antimony, that collects on the surface while the operation

of calcining is in progress. The charge is also introduced through these doors. There is a tap

near the end of the pan on one side for the purpose of drawing off the refined metals. At the base

of the stack is a chamber for the collection of the oxidized antimony that may condense in the slack

and fall to the bottom. The whole structure is firmly bound together by irons and bolts. In the

figures, G is the fire-place; H the ash-pit: 1 the bridge; J the air-channel through the bridge;

K the pan ; L the spout; M the openings for putting in and working the charge; N the doors;

O the chamber at base of stack for the accumulation of the oxidized antimony.
To set this furnace in operation the metal may be first melted and introduced in a fused state

to the pan, or, what is more common, the pan is heated to redness and the pigs of crude metal are

laid upon the pan-bottom, when melting ensues. The fire may be quite moderate, the only fuel

used in this case being sage brush. The antimony is oxidized and passes up the stack, a part to

escape, a part condensing in the chimney. The charge of the pan at the outset is some 6 or 8 tons,

but as the molten metal diminishes in bulk by the sublimation of the antimony new bars are
added to keep up the supply. A scum collects on the surface of the molten metal, which is removed
by scrapers from time to time. This consists chiefly of lead and antimony with very little silver.

While this refining process was still practised at the works, these skimmings were collected,

remelted, and cast in bars to be sold for type-metal, Babbitt-metal, and other purposes. The alloy

consisted of 71 per cent, of antimony with 29 per cent, of lead.

The lead in the pan is gradually enriched by this method of concentration, and assays are taken
from time to time, usually at intervals of twelve hours, for the purpose of watching the progress of

the operation. When the value of the lead has been brought up to about $350 or $400 a ton, it is

drawn off in moulds, and then subjected to treatment in the cupel furnace.

The cupelling furnace is of the kind commonly used in England. Figs. 6929 to 6931 show
the method of its construction. Fig. 6929 is a side elevation ; Fig. 6930, horizontal section on the
line A B of Fig. 6929, and Fig. 6931 is a vertical section on the line C D of Fig. 6930. F is the

fire-place ; G the ash-pit ; H the bridge ; I the test-ring, or hearth ; J the tuyere ; K, K, supporting

6929

6930.

(V ^

and adjusting screws for the test-ring ; L the flue leading to the slack M ; N a melting pot or pan
in which the metal may be prepared for the hearth.
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The hearth consists of bone- earth, prepare 1 from the bones of cattle. The bones are burned
and then pulverized in the stamp-mill, and being moistened with water that contains a little

alkali, leached from wood-ashes, the mass
is beaten compactly into the test-ring. 6931. gg4f

This is oval in form, being 4 ft. long by
3 ft. wide. It is a rim of iron 7 or 8 in.

deep, having bars across the bottom to

sustain the hearth of bone-earth. The
latter being prepared in the rim it is very
carefully dried, and the ring is then in-

troduced into the cupel chamber, sup-

ported upon screws, by means of which
it may be elevated or lowered, or inclined

in one direction or another. When pro-

perly adjusted, it is heated, very gently
at first, in rder to avoid cracking. The
heat from the fire-place passes over the
bridge into the cupel chamber, and thence
by the flues to the stack. "When the
hearth is well heated the lead is placed
upon it, and a blast of air is introduced
by means of a fan-blower and tuyere.

This acting upon the surface of the lead, the metal is oxidized, and the resulting litharge is allowed
to run off through gutters made for its passage, in the surface of the hearth, into vessels placed
below for its reception. As the lead is gradually oxidized, fresh supplies of metal are introduced,
either in the form of pigs or in a molten state, the pan N being provided for the purpose of fusing
the metal if desired. By this means the metal on the hearth is constantly enriched, and when the
button of accumulated silver has become as large as may be desirable, the addition of lead is dis-

continued and the oxLlation carried on until the lead is nearly all removed, leaving a mass of silver,

of a high degree of fineness, upon the hearth. The litharge produced by this operation contains some
silver. The richer portion is returned to the shaft furnace and mixed with the charge of fresh ore.

Smelting in Sxceden.—At the Sala mines the ore is obtained in the form of argentiferous galena,

with which is found a variety of other metallic sulphides, as pyrites, zinc blende, and so on. The
ore, after being carefully sorted, washed, and stamped, is partially treated in a blast to a first

smelting. It is afterwards operated upon in two blast furnaces, similar to that represented in Figs.

6932, 6933. The hearth is made of brasque, and is prolonged outwards and forwards, thus forming
a fore-hearth. The charge is composed of the
richest ore from the first crushing, and of the slimes
from the washing process, together with the re-

gulus obtained from the first smelting and that
derived as a by-product during the second smelt-
ing, the regulus having been first calcined in an
open kiln. Formerly the ores also were subjected
to a previous calcination, but the ores are now
smelted in a raw state. It is from these substances
—stuff, slime, and regukis—that the argentiferous

lead obtained in this process is derived ; other in-

gredients being introduced partly to produce a
good fusible slag, and partly to assist in freeing

the metals from their combination with sulphur.

For the formation of a slag, the proportion of
which must bear a proper relation to the produc-
tion of metal and regulus, there is added some
easily fusible slag, containing less lime and more
protoxide of iron as bases, such a slag as that ob-

tained from the lead smelting. The chief points are, that it flow easily, and that it contain sufficient

protoxide of iron; hence it should be composed of tribasic silicates, because the presence of a
greater proportion of silica in the slag increases the loss both of the silver and the lead. To assist

in reducing the lead from its sulphuretted condition, metallic iron was formerly employed ; but
it has been found that the use of it may be dispensed with by introducing a proper admixture of

iron pyrites in addition to the regulus from the lead and the raw-smelting ; both the pyrites and
the regulus having been previously calcined, the amount of protoxide of iron which these contain

appears to be sufficient to assist the reduction and to induce the formation of a good slag. These
substances are charged in the following proportions;

—

r.\rts.

Stuff ore, containing on an average from 0- 13% to 0*2S% of silver, and 14% to 34%\ 100
of lead • • j

Slimes from the washing, containing on an average from 2% to 0*25% of silver, Ì
j 9

-

and from 23% to 31% of lead " /

Roasted regulus, containing about 0- 125% of silver 96

Roasted iron pyrites
Slag from previous lead-smelting 750

To which are added the old cupel hearths and litharge derived from the cupel. The product of this

smelting consists of ore-furnace lead containing an average of 86 per cent, of silver, regulus, a
slags. The lead is cupelled and the silver refined in an ordinary way.

6932. 6933.
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Pattinsorìs Process.—This process is founded on the circumstance, first noticed in the year 1 829,

by H. L. Pattinson, of Newcastle-on-Tyne, that when lead containing silver is melted in consider-

able quantities in suitable vessels, allowed slowly to cool, and at the same time kept constantly

stirred, at a temperature near the melting point of lead, metallic crystals begin to form. These sink

to the bottom, and, on being removed, are found to contain much less silver than the lead originally

operated on. The still fluid portion, from which the crystals have been thus removed, will at the

same time be found to be proportionately enriched.

This operation is usually conducted in a set of from 9 to 12 pots, which, if worked by hand,

each contain 6 tons of metal ; or, if cranes be employed, are 5 ft. 4 in. wide and 2 ft. 6 in. deep, and
contain 10 tons of argentiferous lead. Each of these pots, Figs. 6934, 6935, is provided with a

separate fire-place, the heat from which is made to pass around it by means of a wheel ^lue, which

can be closed at pleasure by a damper ; the products of combustion finally escape into a large

arched flue parallel with the line of pots.

6034.

6935.

We will suppose that the lead under treatment contains about 20 oz. of silver a ton, and is

introduced into pot 5, Fig. 6934. This metal when fused is carefully skimmed with a perforated
ladle, an 1 the fire at once withdrawn. The cooling of the metal is now hastened by sprinkling
water on its surface ; and whilst the temperature is being thus lowered, it is kept constantly stirred

witli a chisel-pointed iron bar, called a slice. All those portions which become solidified, and
adhere about the side of the pot, are also removed and forced under the surface of the metal, in
order that they may again become melted. Under this treatment, cry&tals soon begin to make their

appearance ; and as they fall and accumulate at the bottom, they are removed by means of a large

perforated ladle, in which, after being well shaken, they are first allowed to drain over the pot
whence they have been taken, and afterwards carried over to the next pot, 6, to the left of the work-
men. This operation is continued until about two-thirds of the lead originally present in pot 5 has
been transferred into the form of crystals to pot 6, at which period the lead remaining in pot 5
will contain about 40 oz. of silver a ton, whilst that transferred to 6 yields only 10 oz. The rich
lead in the bottom of 5 is now ladled into the pot 4 next on the right.

In this way a fresh supply of calcined lead is constantly introduced, the resulting crystals

passing continually to the left of the feeding pot, whilst the enriched lead, remaining in the bottom,
is ladled into the pot on the right. Each pot in succession, when it has become filled with metnl
of the proper produce for silver, is in its turn crystallized ; the poor lead passing to the left, and
that which has become enriched to the right in the series. By this means the crystals obtained
from the pots to the left of the feeding pot gradually become deprived of their silver, whilst the
rich lead passing to the right is continually enriched. The final result therefore is, that at one
end of the line of kettles the lead contains but little silver, whilst at the other extremity it becomes
exceedingly argentiferous.

The desilverized or market lead obtained by this process should never contain above 12 dwt. of
silver a ton, and is frequently much poorer, whilst the rich lead is sometimes so concentrated as to

yield GOO oz. a ton. This rich lead is passed to the refining furnace for cupellation.
The ladle employed, when manual labour is made use of, is 16 in. in diameter, 5 in. in depth,

and pierced with |-in. holes When cranes are employed, the ladles are 20 in. in diameter, 6£ in. in

depth, and are pierced with holes f in. diameter ; thickness of iron, £ in. ; length of ladle, 9 ft. 4 in.

The large baling ladles used for turning back the bottoms are 14 in. in diameter and 8 in. deep, and
have a handle 7 ft. long.

Two crystallizers are employed in working each pot, and one fireman every twelve hours is

required for each set. By the use of cranes a 10-ton pot can be worked as quickly, and at the same
expense for labour, ns a 6-ton pot by hand ladles.

Fig, 6934 is a plan, and Fig. 6935 an elevation, of a set of Pattinson's pots, fitted with cast-iron

cranes arranged according to the most approved system , 1 to 9 are working pots, and 10 the market
pot, out of which the desilverized lead is ladled into moulds; and which, from only receiving the
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crystals from 9, and not having a bottom of enriched lead left in it, has only two-thirds the capacity

of the other pots.

A long ash-pit A extends the whole length of the set, and is partially covered by the iron plat-

form B, supported on iron pillars. The fire-places a are provided with iron doors.

When, during the operation of taking out crystals, the perforated ladle becomes chilled, it is

heated to the proper temperature by being dipped into the pot of hot lead into which they aro

turned over.

In order to work by the aid of this arrangement, the potman sinks the ladle sidewise to the

bottom of the kettle, and having turned it over, so as to be full of crystals, he attaches a hook to

the cross-handle a! of the ladle, Fig. 6934, which is then withdrawn by the other workman turning

the winch.
In doing this, the iron shank slides over the roller 6, at the end of the crane d and as soon as

it is withdrawn from the fused metal, the first workman, who guides the handle during the opera-

tion, slips it into one of the cheeks c, at the back of the crane, where it bt comes firmly secured.

The ladle, full of crystals, is thus suspended over the pot from which it has been withdrawn, and
after being allowed a short time to drain, it receives a few shakes by jerking the iron handle. The
crane is now swung round, the shank slipped out of the catch, and the crystals deposited in the

next pot on the left. This is coatinued until the necessary amount of crystals has been withdrawn,
when the rich lead remaining in the bottom is taker» out, in the same way, by a ladle without

perforations, and turned over in the next pot on the right. In some establishments the lead

remaining in the bottom of the rich pot 1 is further concentrated by allowing it to cool to the crystal-

lizing point, and then pressing it with the convex side of one of the large perforated ladles. The
still liquid alloy is thus made to enter the bowl through the holes with which it is pierced, and is

taken out witn a smaller unperforated dipper. The lead thus obtained will evidently be richer

than the crystals remaining in the kettle.

Assay of Silver.— The assay of argentiferous galena is, in England, usually conducted in a

wrought-iron crucible of plate iron, of good quality, turned up in the form of a crucible, and care-

fully welded at the edges ; the bottom is closed by a large iron rivet, securely welded to the sides,

and the whole finished by the hammer on a properly-formed mould. To make an assay in a

crucible of this description, it is first placed in the assay furnace, and heated to dull redness ; and
when it has become sufficiently hot, 400 grains of the pulverized ore, intimately mixed with its

own weight of soda-ash, about 30 grains of pearlash, and from 8 to 10 grains of charcoal powder,
or lamp-black, are introduced by means of a long copper scoop. With certain varieties of ore, the

addition of a small quantity of common salt, or fluor spar, is found to be beneficial for the pro-

duction of a thoroughly liquid slag; fluor spar being particularly advantageous in the case of

highly silicious ores. On the top of this is placed a thin layer of dried borax ; and the crucible,

which, for the introduction of the mixture,' has been withdrawn from the fire, is at once replaced
in the furnace. At first the contents of the pot boil somewhat violently, and therefore, in order to

avoid loss, the crucible should be made of sufficient capacity to prevent any portion of the mixture
being projected over its sides. At the expiration of from eight to ten minutes, the ingredients in

the crucible will be observed to be in a state of tranquil fusion ; and the pot must now be removed
from the fire, and its contents briskly stirred by means of a small iron rod, flattened at the end in

the form of a spatula. Any matters adhering to its sides are also scraped downward into the

bottom of the pot, which is replaced in the furnace, and, after being closed with an earthen cover,

is, during three or four minutes, heated to full redness.

The crucible is now seized by a strong pair of bent tongs on that part of its edge which is opposite

to the lip; and, after being removed from the fire, its contents are rapidly poured into a cast-iron

mould, having internally the form of an ordinary egg-cup. The sides of the pot are now carefully

scraped down with the chisel-edged bar before referred to, and any adhering panicles of lead and
slag are obtained by sharply striking the edge of the crucible against the top of another cast-iron

mould, similar to that into which the assay was first poured. When sufficiently cold, the contents

of the mould are readily removed by merely turning it over ; and the metallic button, after being
separated from the adhering slag, is carefully cleaned by means of a hard brush, and weighed, in

order to determine the percentage yield of lead. When a metallic shot has been obtained in the
second mould, it must be freed from adhering slag, and weighed with the larger button. The
alloy thus obtained is cupelled, in order to determine the amount of silver which it contains.

Ores of silver, in which that metal exists in the form either of oxide, sulphide, or chloride, in a

gangue principally consisting of silica or of carbonate of lime, are usually fused with a mixture of

litharge and carbonate of soda, to which a small quantity of finely-powdered charcoal is added;
and by this means a button of alloy is obtained, which is subsequently treated by cupellation.

The proportion of litharge to be employed for this operation must be varied in accordance with
the circumstances of the case, as the resulting button of alloy should not be too rich in silver, since,

in that case, a portion might be lost in the slags ; neither should it, on the other hand, be too poor,

as the cupellation would then occupy a long timo, and a loss through absorption be the result. In

ordinary cases, where the silver principally exists in the form of chloride and sulphide, and the

quantity operated on is 400 grains, a button of alloy weighing about 200 grains will be a con-

venient amount for cupellation. Such a result may generally be obtained by the addition of 300
grains of litharge, 400 grains of carbonate of soda, 150 grains of borax, and from 7 to 8 grains of

finely-powdered charcoal. The whole is to be well mixed, and introduced into an earthen crucible,

of which it should not occupy more than one-half the capacity.

The crucible is now placed in an assay furnace of the usual form, care being taken to withdraw
it from the fire as soon as a thoroughly liquid and perfectly homogeneous slag has been attained.

When it has sufficiently cooled, the crucible is broken and the metallic button obtained, which,
after being properly cleaned, is passed to the cupel. When a great degree of accuracy is required,
it is always best to break the pot ; but when numerous assays have to be made on ores of nearly
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the same tenure, the assay is sometimes poured into an iron mould, and the crucible is employed
for making other fusions. In this, and all similar cases, it is, of course, essential to ascertain, by
previous experiment, the proportion of silver contained in the lead obtained by the reduction of the

litharge, in order to obtain the necessary data for calculating the requisite deduction to be made
from the results afforded by cupellation. When, however, very poor litharge is made use of, the

resulting lead contains so small an amount of silver that, for some commercial purposes, its presence

may be disregarded ;
generally speaking, however, the assayer, on the receipt of a fresh supply of

that reagent, ascertains, by means of careful assays, the proportion of silver which it contains, and
makes the necessary correction on each assay in which it is employed.

Argentiferous minerals containing a considerable amount of copper may be generally assayed by
this process, since the amount of that metal which enters into combination with the lead produced
is comparatively small, and the resulting button of alloy admits of being readily cupelled by the

addition, when necessary, of metallic lead. When the mineral to be assayed contains a large pro-

portion of metallic sulphides, the addition of charcoal, or any other reducing agent, becomes unne-

cessary, as litharge readily attacks all the simple and complex metallic sulphides, oxidizing their

constituents, with the exception of the precious metals, which form an alloy with the lead set free.

The slags resulting from this operation contain the excess of litharge added, and the button of alloy

produced is subjected to cupellation. The proportion of oxide of lead to be added to ores of this

description varies in accordance with their composition, but it should in all cases be present in

decided excess, since, should the sulphides not become completely decomposed, the whole of the

silver will not be concentrated in the resulting button of alloy. For the successful assay of pure
argentiferous iron pyrites, as many as 50 parts of litharge are required, whilst for mispickel, blende,

copper, pyrites, grey cobalt, and sulphide of antimony, from fifteen to twenty times their weight
may be employed.

It must, however, be remembered that earthy and silicious gangues usually constitute a large

proportion of the bulk of the ores operated on, and consequently these excessive amounts of litharge

are, in practice, seldom requisite. One of the chief objections to this method of assay is the large

amounts of lead that are produced for cupellation, since pure iron pyrites afford 8*50 parts of this

metal, whilst sulphide of antimony and grey copper ore yield from G to 7 parts.

This inconvenience may be obviated by effecting the partial oxidation of the sulphides, either

by roasting or through the aid of nitre, by the skilful use of which a button of almost any required

weight may be obtained. If this reagent is employed in excess it determined the oxidation of the

various metallic and other oxidizable substances present, not always excepting silver itself. When,
however, the mixture at the same time contains an excess of litharge, and nitre has not been
added in sufficient quantity to effect the decomposition of the whole of the sulphides present,

reaction takes place between the portion of sulphide undecomposed and the oxide of lead added.
This gives rise to the formation of a button of metallic lead, which, combining with the silver,

affords a button of alloy suitable for cupellation. The amount of nitre required to be employed
for this purpose necessarily depends on the nature and richness of the ore operated on, but it must
be borne in mind that 2*5 parts of nitrate of potash are sufficient to completely oxidize the con-

stituents of iron pyrites, and that 1*5 and 0*70 parts respectively are, in the case of sulphide of

antimony and galena, sufficient for this purpose.

When the ores contain a large proportion of sulphides, it is generally found most desirable to

conduct the assay on the mineral after calcination. The roasting of the pulverized ore is best

effected in a shallow scorifier, or earthen dish, into which a weighed quantity of the mineral to be
operated on, generally 400 grains, is introduced, and then carefully roasted in the muffle of a
cupelling furnace. For this purpose the scorifier and its contents should be first placed in the

mouth of the muffle, and kept constantly stirred with a thin bent iron rod ; care being taken to

commence the operation at a low temperature, since, from their great fusibility, such ores would be
otherwise liable to agglutinate. As the calcination progresses, the scorifier may be gradually
pushed farther into the muffle, and thus subjected to successively increasing temperatures ; as soon

as sulphurous vapours are no longer evolved at a full red heat, the scorifier and its contents are

.withdrawn and allowed to cool. The ore, when sufficiently cold, is carefully removed from the
earthen dish, and mixed, on a sheet of glazed paper, with the fluxes requisite for effecting its fusion,

and the reduction of the quantity of lead necessary for cupellation. When the amount of mineral
operated on is 400 grains, there should be added soda-ash 400 grains, borax 200 grains, litharge

400 grains, and charcoal 10 to 12 grains. The whole is now introduced into an earthen crucible,

fused with the usual precautions, and the resulting button of lead passed to the cupel.

This is a simple and convenient method of assaying ores containing the precious metals, when
Iirge quantities of metallic sulphides are present. The process consists in subjecting the finely-

pulverized minerals, mixed with granulated lead and placed in a saucer-shaped earthen vessel or

scorifier, to the action of a bright red heat in an ordinary assay muffle. A portion of the lead is

thus converted into litharge, which, as fast as it is produced, combines with the various silicious

and earthy constituents of the veinstone, forming slags, in which the other metallic oxides pro-
duced are taken up, whilst the silver and gold form an alloy with the lead remaining at the close
of the operation. The scorifiers employed for this purpose should be made of well-baked close-

grained fire-clay. It is necessary that they should be compact in their structure in order ;to resist

the corrosive action of the litharge, and that they should be capable of withstanding sudden
changes of temperature without breaking.

A number of these scorifiers, corresponding to that of the assays to be made, are selected, and
into each are introduced 100 grains of powdered raw ore, intimately mixed with from five to eight
times its weight of granulated lead, and a small quantity of dried borax. In all cases, however,
the lead should be added in excess, as the resulting slags are thereby rendered more liquid. The
granulated lead used for this purpose should, if possible, be almost entirely free from silver, but
this ia difficult to obtain, and when it cannot be procured it becomes necessary to estimate before-
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hand the amount of silver contained in the lead employed, and to make a corresponding deduction

from the weight of the button afforded by cupellation.

The scorifiers, after being duly charged with the ore, lead, and borax, are taken to the furnace

and introduced into the muffle, which has been previously brought to a full red heat. Their intro-

duction at first considerably reduces the temperature of the furnace, and some pieces of charcoal

should be placed in the opening of the muffle for the purpose of again raising the heat to the proper
point. The muffle door is now closed, and in the course of a few minutes the lead enters into fusion,

whilst white vapours are observed to rise from the assay, and the formation of litharge rapidly takes

place. In proportion as the borax fuses, and the quantity of litharge increases, the contents of the

scorifier soften ; and as the temperature becomes more elevated, they enter into fusion, whilst the
lead accumulates in the centre in the form of a large metallic globule.

When the assays have reached a bright red heat, which is usually the case in from ten to fifteen

minutes from the commencement of the operation, the stopper of the muffle is removed ; and the
cm-rent of air which now enters causes the oxidation of the lead to proceed more rapidly. In pro-

portion as the litharge accumulates, the slag formed by its combination with the earthy, silicious,

and other matters contained in the ores, increases in quantity, and gradually extends itself over

the whole surface of the lead. The door of the muffle is allowed to remain open about fifteen

minutes, at the expiration of which time it is again closed, and the temperature is raised for about
five minutes to full redness, for the double purpose of rendering the scoriae as liquid as possible

previously to pouring, and also to facilitate at the same time the reunion of any disseminated
globules of metallic lead.

The scorifiers are now withdrawn by means of proper tongs, and their contents rapidly poured
into moulds. "When sufficiently cold, the buttons of lead are detached from the adhering slags by
being hammered on a small anvil, and are then passed to the cupel. When this operation has been
successfully conducted, the resulting buttons of alloy contain, practically, the whole of the precious

metals present in the ore. It is, however, essential that the slags should be perfectly and uniformly
liquid at the time of being poured into the moulds, for should they either be pasty or contain
imperfectly-fused lumps, a portion of the mineral will remain unacted on, and small metallic

buttons may either be enclosed in the unfused part, or remain attached to the scorifier.

When, in spite of the temperature of the muffle and the other conditions of the process having
been carefully attended to, the slags do not become sufficiently liquid, it is necessary to introduce

an additional quantity of borax, and in some cases a little nitre may be added with advantage.
Sometimes, although rarely, it is found necessary to stir the slags with an iron rod, for the purpose
of dividing any lumps that may have been formed, and to incorporate them with the more liquid

scoriae.

The cupellation of the buttons of argentiferous lead is conducted as described when treating of

the assay of auriferous compounds, but as silver is at high temperatures more volatile than gold,

the heat requires to be more carefully regulated than is necessary in the case of gold ores. In
making all cupellations, it is necessary to bear in mind that a cupel is only capable of absorbing
about its own weight of litharge, and consequently a test should always be employed a little

heavier than the button of alloy to be subjected to the operation.

The results obtained are also to a certain extent influenced by the temperature at which the
cupellation has been conducted, and consequently all assays are liable to a small amount of error.

If the muffle is too strongly heated, the silver becomes perfectly refined, but experiences a small
amount of loss through sublimation and the absorption of the cupel ; whilst, on the contrary, when
the temperature has not been sufficiently elevateci, the button is liable to retain a small portion of
lead. These two causes of error, existing at the same time in all cupellations, are often found in

practice to nearly neutralize each other ; although, in order to obtain uniform results from the same
alloy, it is necessary to employ various minute precautions, both with regard to the temperature of
the muffle and the condition of the cupels employed.

When, however, the amount of lead employed has been sufficient, the cupel is perfectly dry, is

made of fine and well-prepared bone-ash, and the cupellation is conducted at a full cherry-red heat,

the results obtained will, in almost all cases, be found of a satisfactory character. If the resulting

buttons of silver be large, they should not be abruptly withdrawn from the muffle, but be gradually
drawn towards its mouth, since their sudden removal might cause them to spirt. In the case of a
very large button being obtained, it is sometimes found advantageous to cover it, immediately after

brightening, and before its removal from the muffle, by another cupel kept hot for that purpose.

When it has sufficiently cooled, the metallic button is seized laterally between the jaws of a pair

of strong pliers and tightly squeezed, for the double purpose of loosening it from the cupel and
detaching any adhering litharge. The button is then cleaned by the aid of a stiff brush, and
weighed in a delicate assay balance. When, in addition to silver, the mineral under examiuation
contains gold, the button obtained on the cupel is first weighed, and its weight noted ; it is then
flattened, dissolved in nitric acid, and the gold also weighed; the difference of the two weights
thus corresponds to the amount of silver present in the assay.

The weight of mineral employed for making an assay is, to a great extent, regulated by the

amount of silver which the ores are supposed to contain. In Cornwall, for assays of argentiferous

galena, the quantity operated on is often 1 oz. avoirdupois. In Nevada, 200 grains aro commonly
made use of, and the contents of the crucible are often poured out into an iron mould. Scorifica-

tions are not easily conducted, in the common muffle furnace, on much above 100 grains; but for

assays of an ordinary silver ore by fusion, 400 grains are conveniently employed.

For commercial purposes, the silver contained in any given mineral is in England estimated in

oz., dwt., and gr., 1 ton of 2210 lbs. avoirdupois being taken as the standard.

The details of the various methods for the reduction of silver ores are to a great extent modified

in accordance with the resources of the districts in which they are employed, and consequently even

a brief notice of all of them would have occupied more space than was at our disposal for the

8 Y
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purpose. We have therefore confined ourselves to descriptions of the more important and general

methods, and of such as can be taken as types of the several systems which they represent. See
Furnace. Gold. Lead. Ores, Machines and Processes employed to Dress.

Works relating to the subject ;—Lamborn (Dr. E. H.), ' The Metallurgy of Silver and Lead,' 12mo,
186L Phillips (J. Arthur), 'The Mining and Metallurgy of Gold and Silver/ royal 8vo, 18(37.

Kerl's 'Metallurgy,' by Orookes and Röhrig, vol. i., 8vo, 1868. Percy (Dr. John), ' The Metallurgy
of Lead,' 8vo, 1870. " Ü. S. Geological Exploration ofthe 40th parallel," vol. iii., ' Mining Industry,'

by J. D. Hague and Clarence King, 4to, with atlas, Washington, 1870. Raymond (R. W.), ' Sta-

tistics of Mines and Mining/ 8vo, Washington, 1869-72.

SLEEVE. Fr., Manche; Ger., Helm; Ital., Manica; Span., Dedal largo.

In machinery, a sleeve is a tubular part, resembling in form or position the sleeve of a coat, to

cover, sustain, or steady another part that moves within it. A long bushing or thimble is called a
sleeve, as in the nave of a wheel.

SLOTTING MACHINE. Fr., Machine a buriner ; Ger., Stossmaschine ; Ital., Pialla verticale ;

Span., Máquina para hacer muescas.

See Machine Tools.
SPINDLE. Fr., Broche; Ger., Spindel; Ital., Aïberetto ; Span., Huso.

A spindle is a slender pointed rod or pin upon which anything turns ; an axis, or arbor ; as, the

spindle of a vane, a pinion, or a capstan. The dead spindle is the arbor of a machine tool that does
not revolve ; the spindle of the tail-stock. The live spindle is the revolving arbor of a machine
tool ; the spindle of the head-stock.

SPIRAL-WHEEL. Fr., Roue hélicoïdale; Ger., Spiralrad; Ital., Ruota elicoide; Span., Rueda
espiral.

See Mechanical Movements.
SPUR-WHEEL. Fr., Roue dentée; Ger., Stirnrad; Ital., Ruota dentata- Span., Rueda de

engranaje.

See Mechanical Movements.
SQUEEZER. Fr., Machine à cingler; Ger.. Presse; Ital., Strettoio del ferro; Span. Apre-

tador.

See Blooming Machine. Iron.

STATIONARY ENGINE. Fr., Machine fixe; Ger., Stationaire Dampfmaschine; Ital.,

Macchina fissa ; Span., Máquina fija.

The stationary engine is the most perfect form of the steam-engine we possess. In the locomo-
tive and the portable types, by reason of the conditions which they have to fulfil, it is impossible

to apply many of those means by which steam, and consequently fuel, is economized, and the
efficiency of the engine increased. In the stationary engine, any and all of the means by which
these objects may be attained may be adopted, because the conditions under which it works admit
of any modification being effected in the form or the arrangement of the various parts. Hence we
find, in this type, economy of steam carried to its highest degree, and the most successful modes of

applying it advantageously. It is for this reason that the discussion of certain improvements in

the steam-engine has been reserved for the present article, which improvements, though applied to

some extent to other types of engine, yet originated in this, and belong more properly to it.

Stationary engines are of two kinds, called respectively low-pressure and high-pressure engines.

These terms do not refer to the initial pressure of the steam in the cylinder, but to its final

pressure. The terms are, however, inappropriate, since they do not express the distinctive dif-

ference between the two varieties of engine. This difference may be briefly expressed as follows ;

—

The high-pressure engine discharges its steam directly into the atmosphere ; and consequently the
steam on leaving the cylinder must possess an elastic force equal to at least 15 lbs. to the inch.

The whole of this force is of course wasted. The low-pressure engine condenses its steam and
discharges it as water, and consequently the pressure of the steam on leaving the cylinder may be
much less than that of the atmosphere. Thus a large proportion of the steam wasted by the high-
pressure engine is utilized. The terms condensing and non-condensing would therefore be far more
appropriate than low and high pressure.

The condensing engine is provided with a separate vessel to condense its steam in ; this vessel

is called the condenser, and is in direct communication with the cylinder. When the piston has
completed its stroke, the exhaust-port is placed in communication with the condenser, into which
the steam at once rushes. To condense it, a jet of cold water is made to play constantly inside the
condenser, and the latter is kept cool by being surrounded with cold water. To effect this a pump,
called the cold-water pump, is applied to the cistern in which the condenser is submerged. The
cold water thus supplied has a tendency, from its comparative weight, to sink to the bottom, while
the warm portion rises to the surface, and flows off through a waste-pipe. To remove the injected

water, with the water resulting from the condensation of the steam, from the condenser, another
pump is provided, called the air-pump, because it removes at the same time the air which enters in

a fixed form with the water, and which is liberated by the heat of the steam. This air, if allowed
to remain, would vitiate or destroy altogether the necessary vacuum. It is most necessary for the
efficient operation of the engine, that the state of the vacuum in the condenser should be at all

times known. For this purpose an indicator is adopted, called the barometer gauge, forming one
of the most important appendages of the condensing steam-engine.

This instrument, as its name imports, is a common barometer ; but the top of the tube, instead
of being closed, is made to communicate with the condenser. The atmospheric pressure acting,
as usual in barometers, on the mercury in the cistern, presses a column of mercury up the tube. If
the vacuum in the condenser were as perfect as that which is at the top of the barometric tube,
then the column of mercury in this instrument would stand at exactly the same height as in the
common barometer ; but as this is never the case, there is a difference of height which is due to
the pressure of uncondeused steam and air, which, notwithstanding the action of the air-pumpj
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will always remain in greater or less quantity in the condenser. The difference, therefore, between
the height of the column of mercury iu the barometer gauge communicating with the condenser,
and in a true barometer placed near it, will give, in inches of mercury, the pressure which reacts
upon the piston against the steam. In well-kept engines, the barometer gauge is seldom more
than 2 in. below the true barometer, which would give a pound to the inch for the pressure
reacting on the piston. If the barometer gauge stand too low, it indicates the presence either of
condensed vapour or of air in the condenser. This may arise either from too little or too much
water being thrown in by the condensing jet. If too little be thrown in, the condensation will be
imperfect, and uncondensed vapour will lower the gauge ; if too much be thrown in, an accumula-
tion of air will be produced faster than the pump can remove it, and the gauge will be similarly
affected. The regulation of the jet is thus a matter which should be carefully attended to. The
cock which regulates the jet has a handle to which an index is attached playing upon a divided
scale; and according to the position of that index the cock is more or less open or closed.

The influence of the condenser upon the work of the engine is exerted in two different ways.
In the first place, it acts by the extent of the partial vacuum which it offers to the steam to

expand itself in; and, in the second place, by the cold water injected to condense the steam.
There are therefore two principal points to be considered in applying a condenser to an engine.

First, the extent of the partial vacuum, in other words, the capacity of the condenser and its inlet

passages, relatively to the volume of the steam to be exhausted into it; and, second, the quantity
of cold water to be injected according to the temperature of this water and the volume or weight of

the steam and its temperature.

The following physical law constitutes the general principle according to which the former of

these points is determined ; namely, that when communication Ì3 established between two vessels

each containing the same liquid, but at different temperatures, equilibrium of tension between the
vapours which they emit takes place in the two vessels according to the tension corresponding to

the vapour emitted by the colder liquid. Applying this law to steam-engine condensers, it may be
observed that the condenser is almost wholly emptied of air, and contains only water, which emits
steam capable of saturating the space, or at its maximum elastic force, whilst the other vessel, that

is the cylinder, contains a large quantity of steam at a higher tension, but out of contact with the

water which emitted it. This steam, on entering the condenser, expands like a permanent gas,

according to the sum of the volumes of the cylinder and the condenser. Such, at least, is what
takes place at the moment when the two are put into communication with each other; but as

condensation begins at once, the tension is gradually reduced till finally it becomes equal to that of

the steam emitted by the water in the condenser. It is true that to obtain this result there must
at the same time be added the quantity of cold water necessary to take up the heat evolved by the

steam in the act of condensation, otherwise this heat would be taken up by the water previously

contained in the condenser, and the temperature of this water being thereby raised, the steam
emitted would possess a degree of tension much greater than that which existed at the moment
when the two vessels were placed in communication. Consequently, as the effect sought is really

obtained only by the addition of cold water, which evidently requires a certain time to operate, it is

a matter of practical importance to give the condenser such a capacity that the steam on entering

maybe greatly expanded even before condensation begins to take effect. These considerations lead

us to conclude that the capacity of the condenser should not bo less than one-third of the volume
generated by the piston during a single stroke, and this conclusion is fully borne out by experi-

ments and the practice of the best makers. Another rule, proposed by a French authority, is to

make the volume of the condenser equal to three times that of the steam contained in the cylinder

at the moment of being cut off, supposing the steam to have a tension of five atmospheres.

The second point, namely, the quantity of water to be injected, has been fully discussed under
Details of Engines, to which article the reader io referred for information on this subject, as well as

on that of the air-pump.

The use of the condenser is to reduce the back pressure on the piston, and, as this back pressure

is exerted with equal force throughout the stroke, the gain is considerable. In an engine working
with a pressure of five atmospheres and without expansion, a saving may be effected of one-fifth of

the total work developed; and in an engine working under the same pressine, but with the steam
cut off at one-fifth of the stroke, the economy may be as great as one-fourth. Thus it will be seen

that in all cases the condenser is a source of economy varying in amount from 20 to 30 per

cent., the greater amount being reached with high degrees of expansion. It may be remarked,

however, that the difference between the barometric gauge and the barometer does not represent the

actual gain of effective work; a portion of this gain is absorbed by the pumps, which are driven by
the steam-piston. The first cost is also considerably enhanced, a matter deserving consideration

when estimating the advantages of any system. The above results show, however, that when
economy of fuel is important, the gain is sufficient to render the adoption of the condenser desirable

wherever it a n be conveniently applied.

The employment of steam expansively constitutes another notable source of economy, inasmuch

as a very considerably larger proportion of work may be obtained from a pound of steam when used

in this way. If, for example, we take an expansion of 10 times, the hypei belie logarithm of 10

being 2
'30, we see that the work developed upon the piston during the period of expansion is more

than twice that which would have been developed by the same quantity of steam during admission.

But it must not be forgotten that this increase of volume in the ratio of 1 to 10, increases in tho

same proportion the resisting action of the back pressure. This action must therefore be reduced

as much as possible by the employment of the condenser. For this reason all engines in which

a high degree of expansion is carried out should bo condensing engines; tho degree to which

expansion may be carried out in a steam-cylinder is limited by practical considerations. It will bo

observed that the piston, which is urged by the force of expansive steam, is acted upon by a con-

tinually diminishing power of impulsion. When the pressure of the steam becomes, by expansion,

8 y 2
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less than the load which such piston drives through the intervention of machinery, including the

friction of the machinery itself, then it is clear that the moving force will cease to be efficacious,

and that the piston must come to rest. The expedient by which the expansive principle may be

most conveniently extended, is to use, at the beginning of the stroke, steam of high pressure and
great density. This brings us to the consideration of another limit in a different direction. It is

impossible with steam to have a change of pressure without a corresponding change of temperature,

and this change of temperature is productive of a loss of power in an engine-cylinder. This loss

mav be thus explained. When the exhaust-valve is opened, the steam rushes to the condenser, and
the vapour remaining in the cylinder, together with the condensed water adhering to its sides, are

almost instantly cooled to the temperature of the condenser, and the surface of the cylinder is

thereby cooled in a greater or less degree. The fresh steam, on entering for the next stroke, comes
in contact with the previously cooled metal, and a portion of it is condensed without doing any
work. This is repeated at every stroke, and in all engines is the source of a considerable loss of

heat. This loss is necessarily greater, the greater the difference of temperature between the steam
on entering and when being exhausted from the cylinder. When the degree of expansion is

increased, the initial pressure must be increased also, and consequently steam of a higher tempera-

ture must be employed. The wider range of temperatures thus occasioned causes a greater loss of

heat. There are two well-known expedients by which it is sought to lessen this loss, namely, the

steam-jacket and superheating. The former acts by preventing, to some extent, the cooling of the

cylinder ; and the latter, by making the steam dry and a bad conductor, produces the same effect,

while at the same time the condensation of the steam is prevented. These expedients diminish the

loss of heat from the causes previously mentioned, but they do not prevent it altogether. As expansion

is increased, the duty of the fuel is not increased at the rate shown by the theory of expansion.

But, on the other hand, the loss of heat increases in a greater ratio than the gain of power due to

expansion. Of course, as soon as the increase of loss balances the gain, economy can go no further.

This limit is reached at different points, according to the different circumstances under which
expansion is carried out.

To use high grades of expansion, and at the same time to avoid the loss of power resulting

from the consequent wide range of temperatures, a method has of late years been adopted, and is

now rapidly coming into favour, of expanding the steam in two cylinders. We shall return later to

the consideration of this double-cylinder or compound engine.

The economy of fuel resulting from the employment of steam expansively is considerable.

Speaking generally, this economy may be said to vary from 25 to 50 per cent. The theory of

expansion, as well as several other questions relating to the production and employment of steam,

has been fully treated of under Boilers, to which article the reader is referred.

A pound of coal consumed in the furnace of a steam-engine will produce a certain mechanical
effect, and the amount or quantity of mechanical effect thus produced may be measured in foot-

pounds, that is, by the number of pounds raised 1 ft. high. This effect is called the duty of the

fuel, or more usually, the duty of the engine. The duty of an engine is therefore not the amount
of work developed by the fuel in producing evaporation, but only that portion of the total work
developed by the steam which is available for the work to which the engine is applied, the difference

being absorbed by the engine itself. The duty of engines varies within very wide limits. In some
instances in which expansion and condensation are carefully and intelligently carried out, we find

a consumption of 1"5 lb. of coal to the horse-power an hour; in others the consumption is as much
as 7 or 8 lbs. The duty of a Cornish pumping engine is usually estimated in pounds of water lifted

1 ft. high by the consumption of a bushel of coals. As high a duty as 125 millions of pounds
has been reached by this class of engines. Such results must, however, be regarded as altogether

exceptional. The more common duty obtained from a well-managed engine used in the mining
districts is from 65 to 75 millions. The duty of an engine is not to be confounded with its power.

The duty, as we have seen, is the work developed by a given weight of coals without reference to

time. Thus, whether a bushel of coal raises 70 millions of pounds a foot high in one hour or in

twelve hours, the duty of the engine is the same. But the power of the engine is quite different,

being estimated by the work it is capable of performing in a given time. Hence, while the duty of

the engine is measured by the number of pounds raised 1 ft. high, its power is measured by the

number of pounds raised 1 ft. high in one minute. To avoid the large numbers involved in this

mode of estimating the power of an engine, it is customary to express it in terms of the higher unit

horse-power, which represents the power requisite to raise 33,000 lbs. 1 ft. high in one minute.
Thus an engine of 10 horse-power is capable of raising 330,000 lbs. 1 ft. a minute, or about 20
millions of pounds an hour. This is known as effective horse-power, to distinguish it from nominal

horse-power, the latter being a term somewhat capriciously employed by makers to express certain

cylinder capacities and dimensions. In determining the dimensions of a boiler for a stationary

engine other than the Cornish engine it is customary to assume that for every effective horse-power
to be exerted by the engine, 1 cub. ft. of water an hour must be evaporated by the boiler. This
allows a very large percentage of waste in the engine, greater probably than ever takes place;
but the error is on the safe side, and the rule may be considered as sufficiently accurate in practice.

When, therefore, the term horse-power is applied to boilers, it is to be understood as indicating
their capability of evaporation at the rate of a cubic foot of water an hour. Thus a boiler of
50 horse-power is one capable of evaporating 50 cub. ft. of water an hour, the furnaces being
worked in the ordinary way. The dimensions of the grate and the extent of heating surface
necessary to produce this rate of evaporation vary more or less according to the practice of different
engineers

; but generally it is agreed that 1 sq. ft. of grate surface is requisite for every- horse-
power in the boiler. Thus it follows that as much fuel is consumed an hour upon a square
foot of grate surface as is necessary and sufficient to evaporate a cubic foot of water. The extent of
heating surface in the boiler is generally estimated at the rate of 15 sq. ft. to the horse-power.
Ihua a bailer of 50 horse-power requires a heating surface of 750 sq. ft. In the Cornish boiler, on
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account of the slow combustion maintained on the grates, 2 sq. ft. of the latter are allowed to

the horse-power, aud the extent of heating surface is increased four or five times.

In proportioning the dimensions of the cylinder, it is usual in stationary land engines to make
the diameter equal to twice the stroke of the piston. With respect to the absolute dimensions, it is

obvious that the magnitude of the cylinder and piston necessary to produce a given power must
depend upon the pressure of the steam after it has entered the cylinder and the velocity with which
the piston moves, the degree of vacuum on the other side of the piston, and the grade of expansion

carried out. When the piston and other reciprocating parts of the machinery change the direction of

their motion at the end of each stroke, they will be, for a short interval, before and after the change,

accelerated and retarded. This acceleration and retardation is still greater when the steam is used

expansively, since, in that case, the impelling power varies in intensity. In p:actice, however, the

irregularity is effaced by the momentum of the fly-wheel, and we may assume for the purposes of

calculation that the motion of the piston is uniform. The question which then remains is, what
determines the rate of this uniform speed ? In other words, what are the conditions that determine
whether the piston shall have a velocity of 100 or 200 ft. a minute ? The velocity of thé pioton

will depend upon the rate at which the boiler is capable of supplying steam of the requisite tension

to the cylinder. Suppose, for example, that the resistance on the piston is equal to a pressure of

20 lbs. to the square inch of its surface. To drive the piston at any given rate, the boiler must be
capable of supplying steam at a tension of 20 lbs. in sufficient quantity to fill the space swept
through by the piston in a given time. As an illustration, let us assume that the required speed is

200 ft. a minute and that the area of the piston is 78*5 sq. in., corresponding to a diameter of 10 in.,

which, expressed in square feet = • 545. Then to enable the piston to advance through a space of

200 ft., it must be followed by a column of steam 200 ft. in length and -545 sq. ft. in section, which
equals 109 cub. ft. of steam. But the relative volume of steam at a pressure of 20 lbs. as compared
with the water from which it is produced, is that of 1222 to 1. Dividing, therefore, we have
109 = "089. The boiler must thus be capable of evaporating -089 X 60 = 5-34 cub. ft. of water
LZZZ
an hour. That is, allowing a margin for the increased resistance due to the speed, the boiler must
be of 6 horse-power.

Relative Relative Relative
Total Volume, or Total Volume, or Total Volume, or

Pressure Correspond- cubic inches Pressure Correspond- cubic inches Pressure Correspond- cubic inches

in lbs. ing Tem- of Steam pro- in lbs. ing Tem- of Steam pro- in lbs. ing Tem- of Steam pro-
per square perature. duced by a per square perature. duced by a per square perature. duced by a

inch. cubic inch of inch. cubic inch of inch. cubic inch of

Water. Water. Water.

1 102 20404 39 265-9 652 76 310-5 348
2 126 10646 40 267-4 637 77 311-4 344
3 142 7615 41 268-9 622 78 312-4 340
4 153 5549 42 270-4 608 79 313-2 336
5 162 4499 43 271-9 595 80 314-1 332
6 170 3 3790 44 273-3 582 81 315-0 327
7 176 9 3279 45 274-7 570 82 315-9 324
8 182 8 2892 46 276-1 558 83 316-7 320
9 188 1 2595 47 277-5 547 84 317-6 317
10 192 9 2345 48 278-8 537 85 318-4 314
11 197 4 2144 49 280-1 526 86 319-3 310
12 201 6 1976 50 281-4 516 87 320-1 307
13 205 5 1832 51 282-7 507 88 321-0 304
14 209 2 1709 52 284-0 498 89 321-7 300
15 212 7 1602 53 285-2 489 90 322-5 297
It; 215 9 1508 54 286-4 480 91 323-3 294
17 219 1 1424 55 287-6 472 92 324-1 291
18 222 1311 56 2S8-8 464 93 324-9 288
19 224 9 1282 57 290-0 457 94 325-7 285
20 227 6 1222 58 291-1 449 95 326-5 282
21 230 2 1167 59 292-3 442 96 327-2 279
22 232 8 1118 60 293-4 435 97 328-0 277
23 235 2 1072 61 295-5 427 98 328-8 274
24 237 6 1030 62 296-6 422 99 329-5 271
25 239 8 991 63 297-6 416 100 3::0-2 269
26 242 955 64 298-7 409 110 337-3 216
27 244 2 922 65 2D9-8 404 120 3-13-9 227
28 246 2 891 66 300-8 39S 130 3.50 -1 210
29 248 3 862 67 301-8 389 110 355-9 196
30 250 2 835 68 302-8 3S7 150 361*4 183
31 252 1 810 69 303-8 381 160 366*6 173
32 254 786 70 304-8 376 170 371-6 163
33 255 8 763 71 305-8 371 180 376 ' ¡> 155
34 257 6 742 72 306-8 367 190 380-8 147
35 259 3 722 73 307-7 362 200 385-2 110
36 261 703 74 308-7 357 250 403-5 114
37 262 7 685 75 309-6 353 300 421-0 100
38 264-3 668
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By means of the foregoing Table many practical problems similar to the preceding and of great

utility, may be solved with the aid of common arithmetic alone. The temperatures corresponding

to the pressures from 1 to 5 lbs. are taken from Rankine ; the whole of the remaining quantities we
have carefully calculated. They will be found to vary somewhat from those of similar tables that

have been published ; but it is believed that they are more accurate, the formulae by which they

were calculated being fully confirmed by the elaborate calculations of Zeuner and Rankine
respecting the relation existing between the latent heat of evaporation, the temperature, and the

specific volume of steam.

The following examples illustrate the use of the preceding Table ;

—

1. A boiler is capable of evaporating 20 cub. ft. of water an hour. The pressure of steam in

the cylinder being 20 lbs., what must be the diameter of the cylinder to give a piston speed of

200 ft. a minute ?

By referring to the Table, we find the relative volume for 20 lbs. to be 1222. Hence
1292 x 20

= 407 '3 is the number of cubic feet of steam that will pass through the cylinder a
60

minute, and
407-3 x 144

= 293 • 2 sq. in. = the area of the piston. A table of areas will at once
200

give the diameter.

2. A piston 20 in. in diameter is required to move witn a velocity of 200 ft. a minute against a
gross resistance of 10,000 lbs. ; it is required to find the requisite boiler power.

A table of areas gives 314*1 sq. in. for a diameter of 20 in. As the resistance is 10,000 lbs.,

the pressure to the square inch will be = 31 *8 lbs. The next greater pressure to this in the

Table is 32, the relative volume corresponding to which is 786
2-181 x 200 x 60

feet being 2-181, the power of the boiler =
786

The area of the piston in square

= 31 • 77, say 32 horse-power.

3. Given a piston 30 in. in diameter, supplied by a boiler of 50 horse-power, it is required to find

the pressure to the square inch that can be given to the piston when the latter has a velocity of
200 ft. a minute.

The area of the piston is 706*8 sq. in.= 4*908 sq. ft. Hence
4-908 X 200 x 60

50
_ = 1177*9, the

number of cubic inches of steam that would be produced by a cubic inch of water. The nearest
number to this in the Table is 1167, and the pressure corresponding to this number is 21 lbs. We
may therefore assume that the required pressure is 20f lbs.

4. Given a piston 40 in. in diameter, and a boiler of 50 horse-power ; it is required to find at

what velocity the piston may be driven against a resistance of 20 lbs. to the square inch. For a
pressure of 20 lbs. the Table gives 1222 as the relative volume. Hence 1222 x 50 = 61100 is the
number of the cubic feet of steam that passes through the cylinder an hour. The area of the piston

61100
in square feet being 8 * 72, we have = 116*8, say 116 ft. a minute.

8-72 x 60
The compound system of engine, to which we have already alluded, consists essentially in passing

the steam through two cylinders of unequal dimensions, the second and larger serving as a kind of
receiver to the first, the steam from which it uses a second time by expansion. It was to realize

more effectually the principle of expansion that the system was first introduced, and the success

which has been attained is such as to render it one of the greatest improvements of recent years.

And it is not difficult to discover the cause of this success. We have already described the ill

effects of a wide range of temperatures, or, which is the same thing, a wide range of pressures in

one cylinder. By carrying out the expansion in two cylinders, these ill effects are diminished in a
considerable degree. Also when a high grade of expansion is carried out in one cylinder, the
variation of pressure necessitates relatively larger dimensions in the parts through which the force

is transmitted, and, moreover, produces an irregular velocity which can be modified only by means
of a heavy fly-wheel. By using two cylinders, the pistons of which work together with different

pressures, the inequality of the strains is certainly not altogether avoided, but it is greatly

diminished. Thus the objections to very high grades of expansion are by this means, to a
considerable extent, removed.

The invention of the compound engine is due to Horn-
blower, who first made the system known in the year
1781. It was not, however, carried into effect till more
than twenty years later, by Woolf, under whose name it

was fur a long time known. Recent years have witnessed
considerable improvements in this class of engine, chief
among which must be reckoned the construction of engines
with the two cylinders connected to cranks at or near
right angles to each other, and the placing of a receiver
between the two cylinders.

In the accompanying diagram, Fig. 6936, which we
have introduced for the purpose of explaining the action
of the compound engine, we have supposed, in order to
make the course of the steam apparent to the eye, that the
exhaust-passage from the small cylinder passes round it,

and directly into the valve-box of the large cylinder. The
piston of the small cylinder is driven by the steam from the boiler in the same way as in a' single-

cylinder engine, and cither with or without expansion. When the stroke of the piston in either

6936.
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6937.

direction is completed, the steam, instead of escaping into the atmosphere or into the condenser, is

conducted into the valve-box of the large cylinder, whence it exerts its pressure simultaneously

upon the two pistons. As these pistons are connected to the same crank-shaft, they complete their

stroke together, so that all the steam from the small cylinder passes into the large one. Conse-

quently, supposing for the sake of simplicity that tlie steam is not expanded in the small cylinder,

it is expanded in the ratio of the volumes generated by the two pistons, and this ratio marks

the decree of expansion carried out. At the next stroke the same etfects are produced in the

contrary direction, and the former cylinder full of steam is exhausted into a condenser in the

usual way.
In the figure both pistons are supposed to be descending. The steam from the boiler enters

above the small piston, whilst that beneath it, and by which it was raised at the preceding stroke,

passes out and enters above the large piston, the lower portion of the large cylinder being then in

communication with the condenser, in which the steam is exhausted that had entered from above

the small piston. In most beam-engines the two pistons move in the same direction. In such a

ease, the steam-passages cross, that is, the steam passes from beneath the small piston to enter above

the large one, and the reverse. But when the motion of the pistons is in contrary directions, the

steam-passages are direct, that is, on issuing from the small cylinder it enters directly into the

corresponding end of the large cylinder. Such details, however, in no way affect the general

principle.

The pistons may be either equal or unequal in stroke or in area, but an essential point is that

they must generate different volumes. It is an interesting fact that the work developed by a given

volume of steam is exactly the same whether expanded in one cylinder or in two. This fact is

clearly proved by the following simple means, proposed by Poncelet. It has already been shown

that the absolute quantity of work generated by a given volume of steam by expansion is measured

by the increase of volume which it has acquired and by the initial pressure. This being true for

the total increase of volume and the total quantity, of work, is not less true for each partial increase

of volume which develops a partial quantity of work, the measure of which is also this increase of

volume and the mean pressure at the moment when it takes place. Suppose, then, two cylinders,

A and B, Fig. 6937, in which the two pistons advance simultaneously by a certain quantity. If we
take an instant when the steam is confined in the spaces G
and D, and if in passing from C to D the pistons advance by
infinitely small quantities h and A' respectively, the steam
develops in the same time upon the large piston a certain

quantity of work, which quantity must be diminished by that

generated as resistance to find the expression of the work really

effective. The value of the work developed in the two cases

is evidently the product of the area of the piston by the space

through which it has moved and by the pressure of the steam,

which at any given instant of time is the same in both cylin-

ders, since they are in communication with each other. There-
fore, representing the area of the large piston by S, the extent

of its forward motion by A', the area of the small piston by s,

the extent of its forward" motion by A, and the common and mean pressure on the unit of surface

during this infinitesimally small extent of forward motion of the two pistons by P, the quantity

of work developed during this forward motion of the pistons is,

(P X S x A') - (P x s x A) = P (S A' - sh).

But the factor Sh' = s h is the exact expression of the increase of volume of the steam at the moment
considered ; therefore each partial quantity of work developed by' the steam is proportional to its

partial increase of volume ; which it was required to prove.

Thus, whether we make use of two cylinders or one, the quantity of work will be the same for

a given degree of expansion, the initial pressure being, of course, the same in both cases. And
this is evidently independent of the stroke or the diameters of the pistons. We may therefore,

without going into further particulars, state that in determining the dimensions of the cylinders of

a Woolf engine the volume generated by the large piston is equal to that of the single cylinder for

the same power, the same degree of expansion, and the same initial pressure, and that the volumo
generated by the small piston is equal to that of the steam before expansion, supposing expansion to

be carried out wholly in the large cylinder. In other words, the ratio of the volumes generated by
the two pistons is simply the degree of expansion carried out, when expansion is not begun in the

small cylinder. In the contrary case, the ratio of these two volumes becomes the quotient of the

degree of total expansion divided by the expansion effected in the small cylinder ; but the volume
of the large cylinder is invariable, whether expansion be carried out in it alone or in both, the small

cylinder only being affected by the latter condition.

With respect to the back pressure in a compound engine, other things being equal, this pressure

produces a resisting force measured by the volume which is generated by the piston upon which it

acts. But as the large piston of a double-cylinder engine generates precisely the same total volume
as that of a single-cylinder engine working with the same degree of expansion, the back pressure

produces the same amount of resistance in both cases. Consequently, compound engines are calcu-

lated in precisely the same manner as ordinary single-cylinder engines worked with expansion.

A very ready method of making, by means of a Table, the requisite calculations relating to

the expansive action of steam in either single or double cylinders has been proposed by David
Thomson, in a paper recently read before the Association of Foremen Engineers. As this Table
will be found of very great use to practical men, we give it, with a few of the author's remarks
thereon, which will elucidate some of the questions respecting compound engines in which opinions

are divided.

b
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Steam Worked Expansively.

Table of Mean and Initial Pressures in the Cylinder. On the supposition that the pressures are
inversely as the volumes.

Points of Cut-off

in fractions of the
,

Stroke, reckoned times the Steam ia

from the beginning. expanded

Degrees of Expan-
sion, or number of

4

A
2.
S
a.
io

a
_4_
io
_L
3

_3_
10

4

A
i
6
1

T
*
i
S
A
i

,

1 1
1
ia
_i_
13
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14
1
TX
1
16
1
TT
i
18
1
IS
\

20
1

3 1
1

sa
i

23
1

TI
i

35

if

2¿

5
6

7
8
9
10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25

Hyperbolic
Logarithms of the

Degrees
of Expansion.

2876
3506
4055
5108
6931
9163
0986
2040
3863
6094
7918
9459
0794
1972
3025

2-3979
2-4849

5649
6391
7081
7726
8332
8904
9444
9957
0445
0910
1355
1781
2189

Mean Pressures
during the Stroke,
the initial pressures
being taken as 1.

•965
•949

•937
•904
•846

•766
•669
•661

•596

•522
•465
•421

•385
•355
•330
•309
•290

•274
•260

•247
•236
•226

•216
•208

•200
•192

•186
•180

•174
•169

Initial Pressures in

Cylinder, the mean
pressures being

taken as 1.

•036
•054

•067
•106
•182

•305

•495
•513

•678

•916

•105

•375
•598

•817
•030

•236

•448
•649

•846

•048

•237
•425

•629

•807

•000

•208

•376
•555

•747

•917

" I now proceed to show how the calculations connected with compound and other expansive
engines may be made with ease and rapidity by means of the Table. These calculations are often

made by means of diagrams of expansion, or expansion curves, drawn on the same principles on
which this Table is calculated, but I have always found such calculations to be made more rapidly

and accurately by means of a table than a diagram.
" When steam is expanded in the cylinder of a steam-engine its pressure at any part of the stroke

is very nearly inversely proportional to the volume it occupies. This is not exactly the case, but
very nearly so, and in almost all indicator diagrams it is found that the pressure is slightly greater

than it ought to be by this rule. If, therefore, the size of a cylinder is calculated on the supposition

that the pressure of the expanding steam is inversely as the volume, a slight error may be expected
on what engineers often call the * right side '—that is, the size will be slightly above what is strictly

required.
" The Table is calculated on the supposition that this rule is accurate. To give an example of its

application, let it be required to find the area of a cylinder to yield 100 I H P., with a maximum
pressure of steam of 60 lbs. above the atmosphere, an expansion of six times, back pressure 2 lbs. per
square inch, and a piston speed of 300 ft. per minute.

"Here the average pressure required on the piston to give this power = —
s = 11000 lbs.

300

Next, maximum pressure of steam above the atmosphere = 60 lbs.

Add pressure of atmosphere 15 „

Maximum total pressure 75 lbs.

' Referring to the Table, iu the line for six times expansion, we find that in these circumstances
the average pressure over the whole stroke . . = 75 x ' 465 = 34 • 875 lbs.

Deduct back pressure 2 000

And we have the mean effective pressure over the whole stroke . . = 32 • 875 lbs.

"From which it follows that the area of the piston = ¿^¡°4 = 335 sq. in., and a table of areas

°f
°«w? £ives .tf>e diameter of the cylinder = 20# in.
When a high degree of expansion is effected in one cylinder, the maximum strain on the crank-

pm ia much larger than the average working pressure over the length of the stroke, as is very
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clearly shown by a reference to the Table. To diminish this excessive strain is the object sought
in employing two cylinders to work conjointly, the one receiving the steam from the other, and thus
forming what we call a compound engine.

" If, in the example we have taken, the six times expansion had been carried out in two cylinders,

the mechanical effect developed would have been exactly the same ; and so also would have been
the final pressure. It is readily seen that if the final pressure is the same in both cases, and the
quantity of steam used is also the same, the capacity of the large cylinder of the compound engine
must be the same as that of the single-cylinder engine of the same power, and working with the
same degree of total expansion. All that is necessary, therefore, in calculating the size of the large
cylinder for a compound engine is to calculate, in the way we have already done, the size of a single
cylinder to develop the required power with the given initial pressure and the given amount of
expansion. This will be the size required for the large cylinder of a compound engine to develop
the given power; and the only use of adding a small cylinder to it is to moderate the maximum
strain on the crank-pin, and give a more equable development of power over the whole stroke of the
piston. This being the object aimed at, it is best to make the size of the small cylinder such that
the maximum strain on the crank-pin shall be the smallest possible under the given conditions.
Dr. Pole, in a paper on Compound Engines, shows, for the Woolf form of engine, that this is effected
. ,. Area of large cylinder „ ,, .. ,

by making— — = area of small cylinder.

VDegree of expansion
44 The rule applied to the example we have already taken would give

335
Area of small cylinder = —— = 137 sq. in., and

./J "

Diameter = \o\ in.

" The area of the small cylinder being thus calculated, it is to be understood that to get. the best

result half the expansion is to be effected in the small cylinder, and the remainder during expansion
into the large cylinder. Thus, in the present instance, the steam is to be expanded 2* 449 times in

each cylinder, and 2 149 x 2 449 = 6 ; making six times expansion in all.

"For the marine compound engine the area of the small cylinder is not so definitively fixed;

because the two pistons, acting on different cranks, the object generally is to make the maximum
strain of either taken singly a minimum. And besides, the maximum strains of either piston can be
considerably varied by altering the point of cut-off in the large cylinder. Nevertheless Dr. Pole's

rule for Woolf engines will be found generally to give good results for the other form of engine also,

and such as fairly correspond with the best practice. The assertion that the mechanical power
developed is the same whether the expansion takes place in one or two cylinders, requires this

qualification, that when two cylinders are used the arrangements must be such that none of the
expansion takes placo uselessly, by the steam rushing into the passages and so causing a sudden
drop of the pressure, without doing any work on the piston. In the Woolf form of compound engine
this condition has not hitherto been absolutely complied with, and in some engines of this type
it is very far from being so. A considerable loss of effect is the consequence.

u The amount of this will be seen if we take an example, thus—
" Let the capacity of the small cylinder be = 4 ; capacity of the large one = 16 ; and the capacity

of the steam-passage between them = 1, or the fourth part of the small cylinder. Suppose, further,

that the maximum total pressure of the steam in the small cylinder = 75 lbs., and that it is cut off

at a stroke. With these data the expansion should be, if we disregard the effect of the intermediato

passage, three times in the small cylinder, and four times more in expanding into the large one ;

or 3 x 4 = 12 times. But the actual operation would be this

—

" First the steam would be expanded, three times in the small cylinder, thus reducing the pressure

75
to— = 25 lbs. On the exhaust-valve being opened the steam would rush out into the intermediate

O
passage, and thus occupy a spaee =4 + 1 = 5, by which its pressure would be reduced to

25 x Tj = 20 lbs. ; and this part of the expansion being uselessly expended in friction and pro-

ducing no motion in the pistons, would be productive of no useful effect. It is assumed here and in

what follows that the passage is entirely empty. This should not be the case, for it should be filled

with steam of a pressure equal to the final working pressure in the large cylinder. In practice, how-
ever, the drop of pressure is generally quite as great as it ought to be, on the supposition of the

passage being empty, and if the theoretical effect of the supposed small steam pressure existing in

the passage were taken account of in these calculations, it would only complicate them, without
producing any difference of practical consequence in the results arrived at.

" The steam which now occupies a space = 5 will, at the end of the large cylinder stroke, occupy
17

a space = 16 -f 1 = 17 ; thus having been expanded —- = 3f times during its passage into the
D

large cylinder. The total effective expansion in both cylinders is therefore = 3 x 3f = 10¿ times,

instead of 12 times, which it would have been but for tho effect of the intermediate passage. Tho
loss of efficiency thus caused is measured by the difference between

1 -f- Hyperbolic log. 12, and
1 + Hyperbolic log. 10¿ ;

3*322
that is, it amounts to 1 — "^ = 1 — *953 = '047, or nearly 5 per cent., of the whole efficiency

of the steam when expanded twelve times in one cylinder. In many Woolf engines the loss of
efficiency from tlìis cause is greater than this ; but it need not be so if the engines are well
constructed ; and this defect may be diminished or entirely removed if Woolf engines were made
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with intermediate receivers, and the steam cut off at the proper point of the stroke in the large

cylinder, as is done in the modern marine engines.
" Some of the best of these are worked in this way—that is to say, so as to have no, or almost no

drop of pressure, at the end of the small cylinder diagram. But even where this is not the case, I
propose to show that a comparatively large fall of pressure at this point may take place in a
compound engine with an intermediate receiver without producing so great a loss of efficiency as a
much smaller drop in the old form of Woolf engine.

" This may be done without intricate mathematical formula) by the aid of the Table and by taking
a particular example, the reasoning applied to which will be seen at each step to be equally
applicable to any example that can occur in practice.

" Further to simplify the calculations, without affecting the deductions to be drawn from them, I
assume the area of the small cylinder to be 1 sq. in., the area of the large cylinder = 4 sq. in., and
the stroke of both = 1 ft.

" Let the capacities of the cylinders be reckoned in units of 1 in. square by 1 ft. long, and then
we shall have

Capacity of small cylinder = 1

„ of large ditto = 4

" Let the steam be cut off at \ stroke in small cylinder, and then

Total expansion = 16 times.

'• Further suppose the maximum total pressure of the steam in the small cylinder = 160 lbs.

Then we shall have

Pressure in small cylinder at end of stroke = = 40 lbs.
4

1 an

„ in large cylinder at end of stroke = —— = 10 lbs.

" By means of a cut-off valve in the large cylinder, the pressure maintained in the reservoir may
be regulated at pleasure ; and for the sake of simplicity let it be assumed that the reservoir is

sufficiently large to make the pressure in it practically uniform.
" Now let us calculate the indicated power developed in three different cases, in all of which the

quantity of steam used per stroke is the same, viz. :—
" 1st. If the steam is expanded 16 times in the large cylinder only, working as a single-cylinder

engine having the steam cut off at -^ stroke.
" 2nd. If the total expansion of the steam is effected in two cylinders as I have described, and

with the pressure in the reservoir maintained at 40 lbs.

"3rd. Ditto, ditto, but with the pressure in the reservoir maintained at 20 lbs.

" 1st Case.—Power developed per half stroke = 160 X *234 x 4 = 151 ft. lbs.

" 2nd Case.—In this case it will be observed that there is no drop of pressure at the end of the

small cylinder diagram, because the final steam pressure in the small cylinder is equal to that in

the reservoir ; and the power developed in each cylinder is

—

Power developed in small cylinder per half stroke = 160 X '596 — 40 = 55 '56 ft. lbs.

„ „ in large cylinder „ ,, = 40 x '596 x 4= 95-36 „ „

Total power developed in both cylinders per half stroke = 150*72 ft. lbs.

" This it will be seen is identical with the power developed in a single cylinder in accordance
with the general principles I have already explained, as applying where, as in this case, there is no
useless expansion without doing work on the piston.

' 3rd Case.—In this case there is a large full of pressure in the small cylinder diagram at the end
of the stroke from 40 to 50 lbs., and the calculation of the power developed is

—

Power developed in small cylinder per half stroke •= 160 X '596 — 20 = 75-36 ft. lbs.

„ „ in large cylinder „ „ = 20 x *846 X 4= 67'68 „ „

Total power developed in both cylinders per half stroke = 143*04 ft. lbs.

** This last result is, as anticipated, smaller than the two former ones, but it is not nearly so much
smaller as the large drop of one-half in the pressure at the end of the small cylinder diagram might
iiave led one to expect. It is only a diminution of 5 per cent, in the efficiency of the steam; whereas
we saw before that a drop of only one-fifth of the pressure at the end of the stroke in the small
cylinder of a Woolf engine produced a loss of efficiency of nearly the same amount.

" Let us look at the matter from another point of view. In case 3 the steam is expanded effectively

Tour times in the small cylinder, after which it is further expanded twice by an instantaneous drop
of the pressure on exhausting it into the receiver. It expands, in fact, into double its volume, and
¿he pressure falls from 40 to 20 lbs., and in doing so it exerts no power on the piston, which has
been sensibly stationary during the expansion. After this the steam is admitted to the large
cylinder at 20 lbs. pressure, is cut off at £ stroke, and then expands during the remainder of the
stroke, down to its final pressure of 10 lbs. at the end of the stroke. This last expansion has done
its proper work on the large pisto,/, and this, with the previous effective expansion in the small
cylinder, makes a total effective of 4 x 2 = 8 times only; as compared with the total expansion of
Jo' times, viz. from pressure of 160 lbs. down to 10 lbs. It would seem ax first sight that the
efficiency of the steam would in this caso betho same as if it had been expanded eight times in one
cylinder. To expand the same quantity of steam in one cylinder, the -capacity of the cylinder must
ho = 2, and the steam must be cut off at i of the stroke. Then power developed = 160 x '385
= 123-2 ft. lbs.
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" This result is very considerably less than we obtained before in the calculation of the 3rd case,

where it was shown that power = 143 ft. lbs. was developed. Yet in both cases the quantity of
steam is the same, and apparently the amount of expansion exerted usefully on the pistons is tho
same in both ; and the question arises, how can the steam, when expanded in the two cylinders,

give a greater useful elìèct thau when expanded in one ?

6933.

"The answer to this question is to be found in the consideration of what is done by the steam when
it is exl ansted from the small cylinder into the receiver. Préviens to tho opening of the exhaust-

valve the steam occupies a bulk = 1 in the small cylinder at a pressure of 40 lbs. ; and when the

valve is opened, it at once expands till the pressure is reduced to that of the reservoir, 20 lbs. ; after
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this there will be left in the small cylinder the same bulk (1) of steam as before, but only one-half
;

il

n^A^lPïffïSl
S

Î

10W
í ^ in

,

stead
.
of

„
40 lbs- as Ì* was before the exhaust

id now occupies
has necessarily

took

a bull

place. One-half the steam, therefore, has been discharged from the cylinder ai
Ik of 1 in the reservoir, at a pressure of 20 lbs. In gaining this position' it

6939.

6942.exerted power in displacing steam in the reservoir, just in

the same way as steam issuing from a boiler exerts power
in displacing the atmosphere. The power so expended is

recoverable when the reservoir supplies steam to the large

cylinder, and its amount in this case = 20 x 1 =20 ft. lbs.

Now if this 20 ft. lbs. is added to 123 '2 developed in the

single cylinder with eight times expansion, the sum is

123-2 + 20 = 143-2 ft. lbs., which is the identical result we
arrived at in our calculation of case 3, by an independent
method ; and the accuracy of the explanation I have given
as to how part of the apparently lost power is recovered, is

proved by the correctness of the numerical results founded
upon it. The conclusion to be drawn from this is, that the

apparent loss of power by a sudden drop of pressure at the
end of the small cylinder diagram in a compound engine
with a reservoir is to a considerable extent not a real loss, as

it would be almost entirely in a Woolf engine of the usual
construction.

" Not only is this the case, but a glance at the results V
we obtained in calculating the power developed in each ¿_
cylinder in cases 2 and 3 shows that when the engine is

working with this great drop in the pressure, and thus in-
curring a loss of 5 per cent, of the gross indicated power, the division of work between the two

cylinders is much more equal than when working without it.

«tjr cr
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" A slight consideration would also show that the maximum strains on the cranks are much
less when thus working-

; and therefore, owing to the diminished friction and more moderate strains,

it may very well be that the engine would work better and do more work with this large drop than
without it."
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There are three types of stationary engines, distinguished in one case by the medium of trans-
mission, and in the other cases by the position of the cylinders. The first and oldest is that

known as the beam-engine, so called because the motion of the piston-rod is communicated to a
heavy oscillating picco called tho beam, which transmits the motion to the machinery to be driven.
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This type, except for pumping purposes, for which the motion of the beam is very suitable, is gra-

dually going out of favour. It is difficult and costly to construct ; it demands more care and pre-

caution in certain parts of its construction, and more time and attention for its erection. It requires

for a given power more solid foundations than the other types, and it is not favourable to economy

ib a4*

JI£JW T^j L¿J UÜJ
of fuel. Moreover, it allows but little latitude in its application, and is utterly incompatible with

high piston velocities. On the other hand, its motion is extremely regular and majestic, and wh< n

of great power, it presents an imposing appearance.

The chief condition to be fulfilled in designing an engine on this system, is to give the beam
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such length, that the angle which it describes may be as small as possible, so as to diminish the influ-

ence of the versed sine of the arcs in decomposing the motion. Theoretically this length should

be infinite ; in practice it is usually made equal to three times the stroke of the piston. In some

American engines the beam is made shorter than this, but in our opinion a still greater proportion

than 3 to 1 is desirable. With this proportion, the angle described by the beam is about 38° 20',

and the versed sine of the arcs is * 075 of the stroke.

6945.

\.

/ Diaxpnccm, sJuswing <zc¿¿ori> of jLevers.

©

6952.

PISTON.
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6954.
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In the horizontal engine, as its name implies, the cylinder is placed horizontally. This system

may be said to have produced a revolution in the use of steam-engines. Its numerous advantages

have rendered its adoption almost general, in spite of the strong prejudices arrayed against it on its

first, introduction. Engines constructed on this system are remarkable for their simplicity, their

solidity, and their economy. Occupying but little space, they may be erected in positions totally

unsuitable for a beam-engine, and may be easily examined or repaired when out of order. As the
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6935.

SLIDE

breadth of their base is great relatively to their height, very high speeds may be attained without
fear of the vibratiou which would be caused in other systems. The little foundation required is

also a source of economy that in some cases may be of considerable importance. This class of engine
is rapidly taking the place of the beam-engines, and it may be regarded as the type of the present
day, and" the most advanced stage of steam-engine construction.

The third type of engine is the vertical, in which the cylinder and the organs of motion and
transmission occupy the same position as in the

beam-engine. In this type, however, the connecting

rod is directly connected with the crank of the

driving shaft, which may therefore be either above
or beneath the cylinder. Its parts being compactly
disposed, it occupies only a small space, and it may
be readily examined and repaired. In certain cases

where the space is restricted it may be advan-
tageously employed ; but where no such restrictions

exist, it can never compete in efficiency with the
horizontal type.

It would be superfluous to give the details of these
several types of engines in this place, as they have
already been described in former articles. We shall

therefore content ourselves with giving an example
of the beam and the horizontal types, as illustra-

tions of the most recent design and construction in
those systems.

SLIDE CASING.
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Fig. 6938 is a side elevation of a Cornish pumping engine. The cylinder A is 70 in. internal

diameter, with a piston-stroke of 10 ft.; it is enclosed in a cast-iron steam-jacket communicating
with the boilers by means of the pipe a, which also serves to return the water of condensation to the
boilers, which are placed at a lower level, thus avoiding the waste of heat, which is often met with
in other engines, by allowing the steam to escape from the jacket at nearly the boiling point. This
jacket is surrounded by another casing of wood, the space between the two being filled with some
bad conductor of heat, sucli as saw-dust or ashes ; and the whole is enclosed by a casing of brick-
work, or by an air-tight cavity formed by building a thickness of brickwork at a few inches distance,

S z
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which is plastered on the outside and
covered with wood panelling. The
cylinder cover and bottom are also

protected from the cooling influence

of the air ; the former being fitted

with a false lid or cap c, enclosing a
thick layer of saw-dust or other bad
conducting substance ; and the space d
under the bottom kept constantly filled

with steam by a branch from the
pipe a.

B is the main beam, cast in two
plates and bolted together, with dis-

tance blocks between to keep them
parallel with each other. To the
upper part of the beam is fixed trans-

versely, by means of brackets, a strong

bar of iron, g, called the catch-piece,

which, when the piston arrives at

the bottom of its stroke, touches the
blocks h, fixed on the spring-beams ;

the descent of the piston being thus
arrested, no damage can be done to

the cylinder by the engine making
too long a stroke in-doors. C is the
plug-rod for working the valves and
cataract. D, the top nozzle, shown
in section in Fig. 6939, contains three
valves. First ; Y l , the governor or

regulating valve, for regulating the ad-
mission of steam into the chamber k k

of the nozzle, whence it afterwards
passes through the steam-valve V2 into

the cylinder. The opening of the
governor-valve is constant during the
working of the engine, that is, it is

not moved by the engine, but only
occasionally by hand, for the purpose
of regulation. In proportion as the
governor-valve is more or less raised,

the steam is less or more wiredrawn,
or reduced in pressure, as it passée

from the steam-pipe into the cylinder.

By this means therefore, although the
pressure in the boilers may occasion-

ally vary, the mean effective pressure

in the cylinder may be maintained
constant with great ease and precision.

The motion of the governor-valve is

commanded by a handle placed within
reach of the engineman, and connected
by a rod. and lever with the stalk of

the valve. Second; V2 , the steam-
valve, for admitting the steam into the
cylinder. When this valve is raised,

the governor-valve being supposed
open also, the steam finds a passage
through it, from the nozzle-chamber k k

into the space I, and thence by the
steam-port m into the upper part of
the cylinder The chamber k k, Fig.

6939, would appear to be divided by
the cover a

3 , belonging to the equilt
brium-valve ; but this appearance only
arises from the position in which the
line of section is taken, the steam
being free to pass round, in the direc-
tion of the arrows, from the governor-
valve to the steam-valve. Third ; V3,

situated in the middle of the nozzle,
is the equilibrium- valve, for opening
the communication between the spaces
above and below the piston. When
therefore this valve is opened, the
steam above the piston will, by its

•9959

5 _
to g
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6969.

excess of elasticity, find its way along the equilibrium-pipe E, and by the lower port n, into the

lower part of the cylinder, until the equilibrium ia restored between the pressures above and beneath

the piston; which is

then at liberty to be 6967.

drawn upwards by the

preponderating weight

of the rods hung at the

outer end of the beam.

It will be observed

that the three covers,

a \i a2i a3 » which are

bolted to the nozzle over

the governor, steam, and
equilibrium valves re-

spectively, are of suffi-

cient size to allow the

valves to be lifted from
their seats and taken
out of the nozzle when
the covers are removed,
thus giving the oppor-

tunity for convenient

examination or repair.

The top nozzle is, like

the cylinder-jacket, en-

veloped in an external

casing of thin iron, leav-

ing a space all round,

which is filled with
ashes or saw-dust to

prevent loss of heat.

F is the bottom noz-

zle, a section of which
is shown in Fig. 6940;
it contains the exhaust-

valve V4J for opening

or closing the commu-
nication between the

lower part of the cylin-

der and the condenser.

The nozzle - chamber
above the valve commu-
nicates with the cylin-

der by the lower port n,

while to the bottom of

the nozzle, under the valve, is attached
the eduction-pipeH ; so that when this

valve is lifted, the steam in the lower
part of the cylinder is exhausted into

the condenser.

G is the cataract, shown in section

in Figs. 6941, 6942. The use of this

ingenious apparatus is to regulate the

period of opening the steam and ex-

haust valves, and thus to determine
the interval between the successive

strokes of the engine, that its rapidity

of action may correspond with the

quantity of water to be drawn from
the mine, a' is a barrel in which
works the plunger h', and which is

simply a small pluuger forcing pump.
The inlet is by a valve c', opening
freely upwards, but the outlet is con-

tracted at pleasure by a movable plug
d\ The pump is placed in a cistern

of water G, and the plunger is attached

by the joint to the arm e' of the lever

e'f. When the plug-rod C has de-

scended nearly to the bottom of its

stroke, a tappet upon the lower part of

it strikes the end /' of the lever and
thus raises the plunger 6', the water at

the same time entérina; freeh mder the plunger through the valve c\ When the stroke is finished

and the plug-rod begins to ascend, the tappet quits the lever, and the weight h' which is fixed upon
8 z 2

6972. 6973.
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the arm e', and which has been raised by the preceding motion, becomes in its turn the motive

power%
tending to expel the water from the pump by forcing the plunger down. But the inlet-

valve c' having closed, the only exit for the water is by the aperture left round the regulating

plug d'. It is plain, therefore, that by augmenting or diminishing the size of this aperture, the

exit of the water, and thereby the descent of the plunger, may be accelerated or retarded at pleasure.

To the end /' of the cataract-lever is attached a rod m, which ascends vertically, opening first the

exhaust, and a short time after the steam valve, thereby causing the commencement of the next

stroke of the engine. It should be remarked that the rod m acts upon a catch that releases the

weights w ; these, by their

6977. 6976.

J

fall, open the valves and
occasion a suddenness of

action which is considered

a great advantage, particu-

larly as regards the admis-
sion of the steam into the

cylinder by the steam-

valve. It is evident, then,

that the interval between
the time the tappet leaves

the cataract-lever and the

commencement of the next
stroke, which in fact

determines the interval

between two consecutive

strokes or the number
made in a given time, de-

pends upon the time occu-

pied by the descent of

the cataract-plunger, and
therefore, ultimately, upon
the degree ofopening given

to the regulating plug d'.

This can be adjusted to a
great nicety by means of

a micrometer screw and
handle connected with the

¿action, thro' A.B

FEED PUMP.

Plcav of Pump
6975

6978.

"^ FEED PUMP
RELIEF
VALVE.

6979.

SAFETY VALVE

regulating plug by a rod and the lever V. By turning the handle the plug can be raised or lowered,
and the aperture consequently increased or diminished as the quantity of water to be raised from
the mine is greater or less, and the engine required to make a greater or less number of strokes in

a given time accordingly.

H is the eduction-pipe leading from the bottom of the exhaust-valve nozzle F to the condenser
K. L is the air-pump, 2 ft. 9 in. diameter, the bucket of which has a stroke of 5 ft., half that of the

piston. N is the feed-pump, of the ordinary plunger description.

As an example of the horizontal type we give a high-pressure engine of 12 horse-power designed
by N. P. Burgh. Figs. 6943 to 6979 are to a scale of f in. to the foot ; the remainder being to

a scale of \\ in. to the foot.

Fig. 6943 is a side elevation, and Fig. 6944 a plan, showing general arrangement.
Fig. 6945 is a diagram showing action of levers which command the slide-valve.

Fig. 6946 is a side elevation, Fig. 6947 a front elevation, Fig. 6948 a back end elevation, and
Figs. 6949 to 6951 are sections, of the cylinder.

Fig. 6952 is a plan, and Figs. 6953, 6954, are sections, of the piston.
Fig, 6955 is a plan and sections, and Fig. 6956 a front elevation, of the slide-valve
Fig. 6957 is a plan, and Figs. 6958, 6959, are sections, of the slide-casing.
Fig. 6960 is a side and front elevation, and Fig. 6961 a plan, of the connecting rod.
Figs. 6962, 6963, are a plan and end elevation, Fig. 6964 a side elevation, and Figs. 6965 to 6967

re sections, of framing.
Fig. 6968 is an elevation, and Figs. 6969, 6970, are sections, of fly-wheel.
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Fig. 6971 is a plan, Fig. 6972 a front elevation, and Figs. 6973, 6974, are sections, of the

starting and governor valve.

Fig. 6975 is a plan, Fig. 6976 a front elevation, and Fig. 6977 a section, of feed-pump.
Fig. 6978 is a section of feed-pump relief-valve, and Fig. 6979 a section through safety-valve.

See Boiler. Details of Engines. Engines, Varieties of.

STAVE-MAKING AND CASK MACHINERY. Fe., Machines a fabriquer les douves et les

barils; Ger., Dauben und Fass-Maschinerie ; Ital., Macchina da botti; Span., Maquinaria para hacer

duelas y barriles.

George ffadfield's Machines for making Casks.—Much of the machinery used in the manufacture of

casks has in itself no pretensions to novelty ; but no good idea could be given of the system without
carrying the reader through the various processes. Let it be supposed that casks of 36 gallons are
required to be made for containing beer. The timber employed is that known in the market as
Dantzig pipe staves, which measure 5 ft. 10 in. to 6 ft. long, and in cross-section present a square
figure of about the dimensions of the breadth of the stave to be cut. The square logs are first cut
into lengths, equal to the length of stave required, and the short ends put aside for making the
cask-heads. In order to cut up the logs expeditiously, a fixed trough or angular guide is provided
to receive the log, whose end is brought up against a fixed stop near the end of the guide. A
transverse slit through the guide allows a circular saw to pass through it and sever the wood. The
saw is carried at the extremity of a balance-frame, which is depressed by hand, to bring the saw on
to its work. It is driven by a band from a pulley on the cross-shaft, which forms the fulcrum for

the frame.

The blocks, thus prepared, are next split up to the proper thickness for staves, by ihe aid of a
saw-bench ; the block being pressed by hand against a rotary saw, which projects up through the
table of the machine, and guided by a fixed vertical gauge-plate, over the face of which the block
is slidden by the workman. In this way each block is divided longitudinally into six staves. In
like manner the short pieces before mentioned are slit up, to form the heads of the cask.

The next operation is to gauge the length and bevel the ends of the staves. This is done by a
machine, shown in front elevation at Fig. 6980. It consists of a bed a, carrying two headstocks &, c,

the latter of which is adjustable. On the headstocks are mounted a pair of inclined rotary saws, for

gauging and bevelling the staves. Between the saws is a sliding carriage d, on which the staves

are severally laid, and the workman, holding the stave firmly, thrusts the carriage forward on its

slides, and passes the ends of the stave under the action of the rotating saws. He then draws back
the carriage, and repeats the operation. This is the first shaping operation ; and at this stage the
stave is simply a flat piece of wood of uniform thickness, but with bevelled ends, and its side edges
are square and parallel to each other. It must, however, have imparted to its outer face a convexity,

both in the direction of its length and its width, besides being tapered and bevelled.

6980
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To produce the requisite convexity, a steaming and bending process is adopted. The staves arc

thrown into a steam-chest, and subjected to the moistening and heating effect of the steam for about
five minutes, to soften the wood. They are then packed upon carriages similar to that shown in

side view at Fig. 6981. A series of these carriages is provided, to run upon a double line of rails

laid under a shed, containing the steam-chest. The carriage, it will be seen, is a kind of truck a,

on which two transverse rollers 6, 6, are mounted, for supporting five piles of staves abreast of each
-other. The periphery of these rollers is concaved, to give a transverse convexity to the staves, when
pressed down upon them, and midway between the rollers 6 is a pair of standards c. The carriage,

when laden with the piles of hot staves, is moved forward under a screw press standing over the

railway. A transverse bar, provided on its under side with curved pressing pieces d, is then forced

down by the press into contact with the staves, until they take the curved form, Fig. 6981. Pins
or holdfasts e, passed through the standards c, then retain the pressing bar in its place, and the

carriage is released from the press to allow of a second carriage-load of staves being similarly treated.

The carriage, when released from the press, is turned on to a second line of rails, and there left

for the staves to cool, and thus receive a permanent set.

The next operation is the jointing of the staves; that is, the tapering of the opposite ends, and
the bevelling of the edges. By hand, this operation is very irregularly performed, a hand-plane
being used, guided only jby the practised eye of the workman. The surface of the joint is, moreover,

smooth, which increases the tendency of the staves to start when the cask is subjected to rough
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usage. In the jointing machine, shown in side elevation at Fig. 6982, and in partial end elevation

on an enlargea scale, Fig. 6983, the staves are jointed, so as to be practically identical. No

6982.
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fitting therefore is required

when setting them up to form
casks. This machine consists

of a long bed a, over which
traverses, supported in suit-

able guides, a clamping b.

This carriage receives motion
from an endless chain, which
moves alternately in opposite

directions. The carriage is

fitted to receive a curved stave

and hold it down firmly by
means of a clamp c, while the

stave is presented to, and
passed down under the action

of, a pair of inclined saws d, d,

winch are adjustable both to

and from each other; and in

their inclination, to suit diffe-

rent sizes of staves. "When
the carriage is at either end
of its traverse, the attendant
takes a curved stave and
claraps it in the carriage.

The return motion will bring

the stave under the action of

the inclined saws, which will

simultaneously joint the opposite sides of the stave, thereby reducing it to the required taper form.
The attendant then raises the clamp c, puts in and clamps a fresh stave, and the reverse motion of
the carriage brings the stave, in like mariner, under the action of the saws. No time is therefore
lost in the working of the machine.

In the manufacture of ale barrels, more especially those intended to receive pale and delicately-
flavoured ales, it is important to get out the tannin from the wood. This is usually done by the
process of charring, but the inner surface of the barrel is thereby injured. To avoid this, a
steaming process is adopted. The staves to form the cask are put together and bound by temporary
truss hoops. The cask is then set upon an iron plate and over a steam-pipe which projects through
the plate, and the top of the cask is covered by a loose head. Superheated steam is then let into

the cask, and in about five minutes the dissolved tannin will trickle down out of the pores of the
wood.

The operation of finishing the ends of the cask, termed chining, which fits it to receive the
heads, is effected in a peculiar adaptation of lathe, which is shown in plan, Fig. 6984 ; the barrel
and its supports being in section. One end of the barrel a is inserted in a chuck 6, carried by the
mandrel c, and the other end is supported by a cone-faced annular chuck J, mounted in a bearinge,
carried by a sliding table /, which is capable of adjustment lengthwise of the lathe-bed. This
table / also carries two slide-rests g, A, in which are fitted the cutters for chining the barrel. The
cutters of the slide-rest g finish the bevelled edge, and also hollow the inner lace of the barrel ; and
the cutter of the slide-rest h turns the groove for receiving the barrel-head. Iiotary motion is given
to the barrel, and the cutters are brought into action by the attendant moving the cutters by the
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hand-levers g* and h*. When one end is finished, the barrel ia released from the chucks, and its

other end is, in like manner, submitted to the cutting tools.

69S4.
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Having thus far followed the
shaping of the staves, and the con-

version of the same into cask bodies,

it will be necessary to direct our
attention to the formation of cask-

heads. This is comparatively a
simple operation, but it has, never-
theless, developed some ingenious
mechanical devices. The wood to

form the heads having been split

up as already described, is sub-
mitted to a jointing machine, Fig.

6985, for squaring the edges. The
wood is piled up on a travelling

table a, against a gauge-plate 6,

and held firmly by clamps c, c.

The traverse motion of this table

over the bed of the machine carries

the wood past a rapidly rotating

cutter ó, which planes the edges
presented to its action. The clamps
are then slackened, and the pieces

requiring both edges to be jointed

are again submitted to the action

of the cutter.

The dowelling together of the
pieces is the next operation. For
this purpose their contact edges are

in turn pressed into contact with
rotating drills, which rapidly drill

the dowel-holes. The dowel-pins
are made by a simple machine,
which, by a rotary saw, cuts up
strips of wood in width correspond-

ing to the length of pins required,

and then, by a rotary hollow cutter,

rounds the ends of the pins.

These pins are driven into the

drilled holes of one piece, and a
corresponding drilled piece is forced

into contact therewith ; and in like

manner some four or five pieces,

whicli are to form a head, are ham-
mered together, and held fast by
the dowel-pins. The next opera-

tion is to cut these dowelled pieces

into a circular disc, for which pur-

pose a modified form of band-saw
is used.

Fig. 6986 shows in elevation so much of a band-paw adapted for cutting out the heads of casks,

as will explain its action ; the object being to cut the heads with rapidity, and of any desired size.

a is the saw-blade, running over tension-pulleys b, b. On a plato capable of sliding in guides on
the table of the machine, is mounted a horse-shoe swing frame c, for receiving the wood to be cut.

This frame is capable of adjustment to and from the saw, to suit different diameters of cask-head.
The frame c is provided with two swivel clamping jaws, d and <\ the upper one of which is capable
of being raised and lowered by a vertical screw and winch-handle, for the purpose of clamping the
dowelled wood that is to be placed between them. Eests/and g aro used for steadying the wood.



2920 STAVE-MARING AND CASK MACHINERY.

To bring the work into contact with, the saw, it is only necessary to swing the frame e on its

fulcrum, and the saw being set in motion, it will quickly enter the wood. The attendant then gives

the wood a slow axial motion under the saw, which shapes it into a circular disc. This being

done, he slackens the clamps, and releases the disc ; then puts in another head, and repeats

the operation.

In order to complete the head, its periphery has to be bevelled, to fit the groove in the cask ;

and to ensure a permanent tight junction with the cask, it has been found necessary to turn

the head oval, that is, with a slightly superior diameter, across the grain of the wood ; this is

to allow for shrinkage. For this purpose, the machine shown in side elevation, Fig. 6987, and
in partial end view, Fig. 6988, is employed. It is somewhat complex in its construction, but

6987.

6989.
the following description will give a fair

notion of its action. The disc to be turned
is placed between swivel-clamps, a, b, which
are carried by a sliding table and bracket-

arm, c. The disc is held by the table and
bracket in the line of cut of a pair of rapidly

rotated cutters, d, d, which are mounted on
a traversing vertical frame, that slides across

one end of the machine. These cutters are
driven in opposite directions, and are in-

tended to act alternately on the head, and
thereby cut the wood in the direction of the
grain, without the rotation of the head being
required to be reversed. A slow intermit-

tent axial motion is given to the head, by
gearing operating the spindle of the lower
clamp b; and at the same time a slight

traverse is given to the table c, with its

bracket-arm, in order to ensure the oval or

irregular turning required. The cutters
are suitably formed to cut a double bevel,
and they are moved into and out of work
by the attendant, who, watching the axial
movement of the head, slides them to and
fro as required, by turning a traversing
screw e. The head being finished, the
upper clamp a is raised by the hand-wheel,
and the head replaced by another disc ; care
being taken to place it in the machine so
as to ensure the larger diameter being cross-
wise of the grain.

Fig. 6989 serves to illustrate the action
of Alfred Beuster's barrel-heading machine. The object of this machine is to plane the upper
surface of a barrel-head to the desired oval shape, make the upper and lower chamfer, and also to
revolve, clamp, and loosen the work automatically, the attention of the operator being only required
to arrange the pieces for a head on a table in front of the machine and push them forward. Indomg this, the finished head is pushed out on the opposite side of the machine and deposited on a
table placed conveniently to receive it. Keferring to Fig. 6989, O is a revolving planer; G G'
revolving toothed rings ; and H, H', rising and falling frames, arranged to act in combination with
the planer C U is a turn-table

; P, a revolving cutter ; I, standard ; K, a hinged board ; E, a lever ;
C¿, a sash, the alternating motion of all these parts being given by the cam L.
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In banding or trussing casks, it is well known that the metal hoops require to be slightly

coned, to allow of their fitting tightly the tapering periphery of the cask. This is effected by
a modification of the machine of Horsfall aud James. The hoop iron, having been cut to

lengths, and punched to receive the rivets for coupling the ends, is passed between a pair of

nipping rolls, one being set slightly out of the horizontal. A tighter nip is therefore given
to one edge than the other, and the metal is thereby, slightly spread at one edge. A third

roll, set higher than the nip of the pair of rolls, turns the hoop iron upwards, and causes it to curl

into the form of a hoop, which hoop is then riveted by hand, as usual.

The casks may be trussed by hand, but preferably they are trussed by a modification of the

machine of Robertson. This machine consists of two conical metal cases, which fit one on to the
other ; one being fixed, and the other movable, by the action of a press. The cask may be built

up or inserted in one of these conical cases, which are each divided down their middle, and the
parts coupled by tightening screws. They are also grooved, to receive the metal hoops. When,
therefore, pressure is applied to bring the two conical cases together, the cask is forced into the
hoops placed in the grooves or recesses. By slackening the coupling screws and separating the
conical cases, the cask, now mechanically trussed, is readily removed from the machine.

With the assistance of three attendants, the steaming and bending of the staves, to fit them for

the jointing machine, may be effected at the rate of forty staves in five minutes. The jointing of

these staves, with the aid of one attendant, is completed at the rate of three a minute. To chine a
cask—that is, to turn and groove the ends—with a man attending, requires three minutes. Round-
ing the cask-heads by the band-saw is effected at the rate of sixty an hour. And the oval turning
and bevelling of the heads is completed at the rate of twelve pairs an hour.

See Wood-working Machinery.
STEAM-CRANE. Fb., Grue a vapeur; Geb., Dampfkrahn ; Ital., Gru a vapore; Span., Grúa

de vapor.

See Lifts, Hoists, and Elevators.
STEAM-ENGINE. Fb., Machine à vapeur; Geb., Dampfmaschine; Ital., Macchina a vapore;

SrAN., Máquina de vapor.

See BoiLEB. Engines, Varieties of. Stationaet Engine.
STEEL. Fb., Acier ; Geb., Stahl ; Ital., Acciaio ; Span., Acero.

The term steel is vaguely applied to certain combinations of the metal iron with carbon ; thus

considering wrought iron to contain little or no carbon, cast iron as much as 5 to 10 per cent, of

carbon, steel has been regarded as occupying an intermediate position ; but as there is no boundary-

line existing in reality, and as the percentage of carbon can be decreased by the slightest shades,

gradually forming a continuous series between cast iron on the one side and wrought iron on the

other, there is no possibility of taking out any particular part of this continuous gradation and
distinguishing it by the name of steel. Other substances, such as tungsten, wolfram, also enter

into the composition of steel, and considerably modify its properties and uses. It would be a good

method, therefore, to call every combination of iron with another chemical element a steel ; and to

distinguish between the varieties of steel, both with regard to qualitative and quantitative differ-

ences of composition,

The colour of steel is a bright greyish-white ; its texture is uniformly granular, the better the

quality the smaller the grain. Sound soft, that is, unhardened, steel never exhibits the coarse

texture characteristic of crude cast iron, nor the fibrous texture of bar iron. Hardened steel shows

a fracture very similar to that of the finest silver, so close that ihe granular texture can hardly be

detected by the naked eye. When red-hot, steel is nearly as malleable as bar iron, and may be welded,

but very careful management is required to prevent its becoming decarbonized By immersing a

piece of steel in dilute hydrochloric or nitric acid the texture of the metal becomes apparent, and
this test may be applied to determine the quality. The specific gravity of steel varies from 7 ' 62

to 7 'SI, and decreases in hardening. The toughness, tenacity, and hardness of steel increase

with the quantity of carbon it contains, but good steel never contains graphite. The high degree

of elasticity exhibited by good steel decreases with the hardness.

After what has been said on alloys generally, and on those of iron in particular, it is not diffi-

cult to understand the relation in which carbon stands to iron; and there is no doubt as to the

necessity that it should be present in iron in order to constitute steel. We find, so far as carbon is

concerned, that iron with less than 65 per cent, of carbon is wrought iron ; from that to 2 • 3 per

cent, of carbon, forms steel ; and when the quantity of carbon is larger, the metal is considered cast

iron. There are other substances which impart hardness to iron, and perform in that respect

a similar office to carbon.

The different methods employed for producing steel may be classified as follows ;

—

1. From the ore direct, by reduction and carbonization. Ore steel.

2. From pig iron by decarbonization. Pig-iron steel. By means of gaseous oxidizing agents,

as air in the Bessemer process. By means of solid oxidizing agents, as are saltpetre, and so on, as

in the puddling process and Heaton's process.

3. From wrought iron by carburation. Wrought-iron steel. By fusion with pig iron, as in the

Siemens-Martin process. By fusion with carbonaceous matter, as in Mushet's, or the Indian pro-

cesses. By heating in charcoal below fusion, as in the cementation process. By heating in au

atmosphere of carburetted hydrogen without fusion, as in Macintosh's proe as,

A comparison of specimens of various kinds of steel shows that the quality of the metal depends

chiefly upon the nature of the raw materials used, and accordingly it is only where the very best

ores and purest coals are employed that we find the finer gm des of steel produced.

We shall not here describe all the numerous methods in use for the manufacture of steel, but

only those most extensively practised.

Cementation Stee!.—The converting furnace used in the manufacture of cementation steel, con-

sists of two rectangular chests, called pots, i, i, Figs. 6990 to 6993, made of silicious freestone or
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fire-brick, capable of bearing a great degree of heat unchanged. If of freestone, the stone is cut at

the quarry into rectangular pieces, all 6 in. thick, and so arranged as to form, when put together,

6990.

two chests from 12 to 14 ft. long, and about 3 ft. 6 in.

wide and deep, supported, even where the ground
is tolerably favourable, upon about 4 ft. of solid

masonry ; for it is of the greatest consequence that

there should be no sinking or giving way of the

foundation, so as to crack the chests and admit air,

which would spoil the conversion. The masonry
should finish with a course of fire-brick ; and upon
that again is laid cross-walls of fire-brick, 10 in. thick

and the same distance apart, upon which the chests

will immediately rest, while the brick divisions form
flues underneath them. The chests are placed 18 in.

from, and parallel to, each other ; and the space between them is divided into flues ?, I, correspond-

ing with those which pass underneath, up the opposite side, and at the ends of the chests, into the
fire-brick wall which covers them all.

This vault m has an arched opening at each end, large enough for a man to creep into when it

is required to lay in iron or take out steel ; at other times they are bricked up temporarily, and
plastered with clay or wheelswarf, a mixture of grit and steel dust obtained from grindstones

employed to grind steel articles. There are also two small temporary openings, one over each
chest, through which bars can be put ; and in these a piece of sheet iron is laid when so used, with
the edges turned up, to pass the bars more easily and prevent injury to the brickwork.

Out of the vault rise three small chimneys on each side opening into the large cupola, which
carries the smoke to a considerable elevation, and prevents the wind from having much effect upon
the draught of the furnace fire. The fire-grate k is under the middle row of flues, and the whole
length of the chests. It has a strong metal door at each end, which is kept close shut, except
when a fresh charge of coal is being put in. The fire-brick work and also the chests are built with
ground-clay and water, mixed to a proper consistence, instead of lime mortar.

The bars of iron submitted to this process are principally from 2 to 3 in. broad and £ to f in.
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thick, except where they are required for railway springs, and then they are made from 3J to 4 in.
in breadth. A layer of charcoal powder is spread over the bottom, then a layer of bars, and so on
alternately. The edges of the bars are laid so as to touch each other, or nearly so, without any
particular allowance for expansion in that direction ; the inequalities in the bars being sufficient
for that purpose.

.
A layer of bars should be covered about £ in. thick with charcoal finishing

with a thicker layer than usual over the top. After both chests are filled they are covered over with
from 4 to 5 in. in thickness of wheelswarf. This grit contains a portion of iron and steel, and their
oxides, in minute divisions, intimately mixed with the grit, which seems to possess the valuable
property, for this purpose, of undergoing a partial fusion when hot, and forming a kind of cindery
slag, which perfectly protects the steel underneath from the action of the air.

Each furnace has a square opening of about 5 in. in the centre of the end of one of the chests
whicti is continued through the walls to the outside of the furnace, into which two or three bars'
called tap-bars, are laid, partly in and partly out of the chests, but in such a manner that they can
be drawn out when required. To prevent access of air to the chest, the rest of the opening is care-
fully filled up with fine ashes, well rammed in. The man-holes and small openings are now made
up as before mentioned

;
a fire of coals, which has been previously prepared, is put upon the grate

at both ends, and will require constant attention day and night for six to eight days. The fire is
raised gradually, and the intensity of it regulated solely by the experience and judgment of the
converter. °

The coal suitable for converting is such as will burn away in a good draught, leaving scarcely
any residuum but white ashes, which fall between the bars into the ash-pit. That coal which in
burning runs together into a mass of large cinder would not do at all, because in that state it would
stop the draught from passing between the grate-bars through the fire. Each firing will take from
4 to o cwt. ot coal, and will require renewal every 2£ or 3 hours ; and a heat of steel converting will
require, on an average, 12 to 13 tons of coal or more, according to the size of the furnace and the
time required.

A furnace of the size generally preferred will hold from 16 to 18 tona of iron. In larger furnaces
the steel cannot be so equally converted ; and in smaller the conversion costs more a ton. The iron
is considered to gain about 4 lbs. to the ton in this process ; but this will depend upon the kind of
heat used, whether a mild one for springs, or a hard one for melting ; but, after all, the gain in
weight must only be regarded as an approximation.

When the fire has been continued so long that the degree of conversion desired is supposed to be
nearly attained, one of the tap-bars is drawn out—the opening stopped up. "When cold, the bar is

broken ; and by its appearance a judgment is formed of the state of the whole, and the firing regu-
lated accordingly. In a few hours more a second bar is drawn, and the progress made in the
interim observed ; this is a further guide for the continuance of the fire for some time longer, or for

allowing it to go out, as the case may require.

The whole quantity put into a converting furnace at one time is called a heat of steel ; and,
according to the degree of carbonization required, it is called a spring-heat, a cutler's-heat, a shear-
heat, a file-heat, or a melting-heat. When the fire is let out, the furnace requires no attention for

three or four days. By that time the man-holes may be opened to allow a draught of air through,
to hasten the cooling ; and in a few days more it will be cool enough for a man to enter, in order to

break the covers off, and take out the steel, which is generally done while the steel is still too hot
to be taken out with the bare hands. The men's hands are protected in doing this by several thick-

nesses of coarse cloth. Some of the charcoal, when the small dust is sifted from it, will be fit to use
again mixed with fresh charcoal.

Steel obtained by this process is never quite equally converted. Near the bottom and sides of
the chests it is more carbonized than in the middle ; and this is true also of every single bar, the
external being more converted than the internal parts. The bars are also covered with blisters

;

this gives rise to the appellation, blistered steel.

The blisters are doubtless owing to some impurities in the iron, which in the furnace take the
gaseous form, and raise the blisters by the force of their elasticity. What those gases are is

unknown ; but it is known that, whatever the impurities, they are got rid of in the crucible of the
melting furnace when bar steel is made into cast steel.

Bessemer Process.—The most recent and advanced practice in the working of this process was
fully described in a lecture given in the United States by Alex. L. Holley, and to his lecture we
are greatly indebted for the following particulars.

The Bessemer process as first performed, and as still practised to a very limited extent, with
irons rich in manganese, consists in applying the blast until all but J to £ of 1 per cent, of the
carbon is burned out, and then casting the product. Stopping the blast at this point, however, is

very uncertain ; hardly any irons contain the right amount of manganese for this treatment, and
the process has certain mechanical objections. Hence the nearly universal practice is to blow the
iron until all the carbon is exhausted, a point readily determined. But the product now contains

so much oxide of iron, that it is red-short and crumbles in working. To reduce this oxide of iron,

manganese, which has a stronger affinity for the oxygen than the iron has, is added, by running into

the converter 6 to 8 per cent, of melted Franklinite, or spiegeleisen, which is a pig iron containing

about 10 per cent, of manganese. One quarter to 1 per cent, of carbon is also added to the product

by the spiegeleisen, so that the result is the same as in the first process, and tho convenience and
economy are far greater.

No phosphorus whatever is removed from the iron in the Bessemer process, and only 12 to 15
hundredths of 1 per cent, of phosphorus are admissible in steel. IMore will make it both brittle

and unmalleable. Hence the pig iron treated must not contain above one-tenth of 1 per cent, of

this element. The usual percentages of sulphur, manganese, silicon, copper, and the foreign

elements commonly found in average pig iron, arc admissible. Suitable ore for Bessemer iron is

unlimited in the Lake Superior and Missouri Iron Mountain regions, and is now developing
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abundantly in Northern New
York, Central Pennsylvania,

and at various points in the

Southern States.

A standard American Bes-

semer plant has a melting de-

partment. This is shown in

plan, the ground floor by Fig.

6991, the furnace working floor

by Fig. 6996, and the cupola

charging floor by Fig. 6995.

Fig. 6997 is a section at A B,

Fig. 6994 ; and Fig. 6998, sec-

tion on E F, Fig. 6996. There
are hoists at a for coal, and at

ò for iron ; four cupola furnaces

and their platforms and blow-

ing machinery ; two ladles K
standing on scales, for weigh-

ing the melted iron, and spouts

M, N, Fig. 6998, for conducting

it to the vessels, or converters ;

two reverberatory furnaces for

spiegeleisen, and their spouts.

The converting department,

shown in ground plan by Fig.

6996, and in cross-section by
Fig. 6998, contains two 5-ton to

7-ton vessels N, in which the

STEEL.
6994.

6995.

6996.
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melted iron is treated by air-blasts. Also a ladle and a hydraulic ladle-crane at E, Fig. 6996, by
means of which the steel is received from the vessels and poured into the ingot-moulds, which stand
upon a depressed part of the floor

6997.called the pit. Three other hy
draulic cranes swing over the pit,

to set the ingot-moulds and re-

move and load the ingots. Two
of them swing over the vessels,

to assist in their daily repairs.

The water and air pressure reser-

voirs are surmounted by a plat-

form, Fig. 699S, standing upon
which, boys, by turning valves,

admit water to the cranes and
air to the vessels, by means of
underground pipes. All the con-
stant operations of hoisting,

lowering, and blowing are con-
ducted from this plat-

form, which overlooks
the entire converting

department. The de-

tails of these and other

parts will be further

described.

The engine de-
partment contains a
blowing engine, usu-
ally a double engine,

capable at normal
speed of receiving

8000 to 11,000 cub. ft.

of air a minute, and
delivering it at 25 lbs.

pressure on the square
inch. The water-pres-

SectLciv cut AB

S£JR

6998.

Section,

6999.

sure pump, for actuating the hvdraulic machinery, is a Worthington duplex, with two 25-iiL steam-

cylinders, and two 9-in. water-cylinders, 24-in. stroke. The boilers should be capable of S00 horse-

power.
The pig iron, having been hoisted to the charging platform, is put, with 20 per cent, of coal,

into one of the cupolas, and melted. When say 12,600 lbs. have run into one of the ladlos lv. the

latter is turned over by means of a worm-wheel, thus pouring the ixon into the spout which leads it

to one of the vessels.

Before following the iron through the converting process, let us glance at the construction of

the vessel, of which Figs. 6999 to 70O1 are the simplest form. A vessel that will convert a 5-ton
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charge is 8£ ft. in external diameter, and 15 ft. high. It is made chiefly of £-in. to f-in. iron plates,

and lined nearly a foot thick with refractory material. At one end it has an 18-in. opening, called

the nose ; at the other a tuyere-box a, Fig. 7001, communicating with the blowing engine. From
the tuyere-box, twelve fire-brick tuyeres, each perforated with twelve f-in. holes, project through and
are imbedded in the lining. A tuyere is shown in section by Fig. 7003. These tuyeres last but six

or eight heats, and are arranged so as to be rapidly renewed. The vessel is mounted on trunnions,

and turned by a hydraulic cylinder, by means of a rack and pinion. When the charge enters, the

tuyeres are turned up, Fig. 7000, so that the iron will not run into them. The blast is then

admitted, and the tuyeres turned down so that the metal will flow over them and be pierced by tha

entering columns of air. The cubical contents of the vessel is eight to twelve times that of a charge

of iron, in order to give room for ebullition. The vessel lining is heated red hot, and the fuel

discharged before the iron is turned in.

The iron is now subjected to 120 streams of air, f in. in diameter, at 15 lbs. to 25 lbs. pressure
for about twenty minutes. Most of the silicon is first burned out, the result being slag, and a
comparatively dull flame at the converter mouth. When the carbon begins to burn freely, the
volume and brilliancy of the flame increase, and as the surging mass grows hotter, and boils over in
splashes of fluid slag, the discharge is a thick, white, roaring, dazzling blaze, and the massive vessel
and its iron foundations tremble under the violent ebullition.

Towards the close of the operation the flame becomes thinner, and when decarburization is

complete, it suddenly contracts and loses illuminating power. The determination of this period is

the critical point of the process. Ten seconds too much or too little blowing injures or spoils the
product. At the proper instant, as determined best by the spectroscope, or by coloured glasses, but
usually by the naked eye, the foreman turns down the vessel and shuts off the blast. The charge
of melted spiegeleisen is then run in, when another flaming reaction occurs. The vessel being still

further depressed, the steel runs into the ladle, pure, white and shining, from under its coating of
red-hot slag. A blanket of slag, most useful in preserving its temperature, follows it into the ladle.

The metal is now led into the ingot-moulds, by means which will be further illustrated. After the
exterior surface of the steel has crystallized, the mould is removed, and the ingot is ready for

reheating and rolling.

Having thus taken a general observation of the Bessemer plant and process, we are prepared to

analyze the peculiar mechanical requirements, and the way in which they have been met.
This subject divides itself under two heads ;

—

1. The cardinal requirements upon which hinge the production of steel at all, whether fast or
slowly, expensively or economically.

2. The mechanical refinements, upon which commercial success depends.
The first radical feature of the Bessemer apparatus was imbedding the tuyeres in the lining of

the vessel ; or, in other words, the perforation of the bottom part of the vessel lining. The bottoms
of the tuyeres are luted with plastic clay, inserted in openings in the tuyere-box, grooved to hold
the luting, so that no air can leak by, and held in place by a dog, Figs. 7002, 7003. Semi-plastic
refractory material, chiefly ground silicious stone, is then rammed between and around the tuyeres,

thus forming the continuous lining of the vessel.

This feature is essential to the maintenance of the tuyeres. It is obvious that a naked refrac-

tory tube, projecting into the molten metal, with iron and slag alternately wearing and chilling

on all sides of it, is far more costly to construct, operate, and maintain than the mere end of a brick
block lying flush with the lining, and that any apparatus to insert and withdraw a tuyere must be
expensive and easily deranged by the heat and splashes, while the perforated bottom requires no
moving apparatus additional to that which rotates the vessel. The perforated bottom, for the
introduction of the blast beneath the iron and in numerous jets, is also essential to its violent and
distributed agitation.

The second radical feature is the rotating vessel. A stationary vessel having similar tuyeres
met with a very limited use at the introduction of the process ; but as recarburization cannot be
performed in such a vessel, and as it is otherwise impracticable for a maximum production, we
may properly omit its consideration. We have already observed the value of the rotating vessel in
placing the tuyeres under the metal to blow, in removing them to stop blowing, in receiving the
iron from the cupolas, and in pouring the steel into the casting ladle. To assure ourselves of the
simplicity and perfect adaptation of this means to these ends, we have only to try to imagine an
inadequate substitute. If a tuyere fails while blowing, as is often the case, at the first indication,
the perforated bottom is turned up out of the metal, where it can be reached and repaired. The
defective tuyere is cut out, the hole is rammed full of moist clay and sand, and the blowing is

resumed with the remaining tuyeres after five or ten minutes' delay. Three or four of these
dummies are sometimes inserted without reducing the day's product. If the tuyere of a stationary
vessel fails, the whole charge burns through the bottom, causing serious delay and loss.

The tuyere-box is an important part of this system. It forms a common blast reservoir for all

the tuyeres, the air being brought to it from the regulator through the hollow trunnion of the
vessel. By breaking a single joint, that is to say, by removing the tuyere-box cover, either of the
tuyeres may be examined and removed.

One of the neatest of Bessemer's minor inventions is the air-space c, Fig. 7003, left between the
top of the tuyere-box and the bottom of the vessel. If any blast leaks by a tuyere, it escapes into
this passage instead of cutting a channel clear through the lining alongside the tuyere ; or if a
tuyere burns down too short, the sparks escaping through this air-space apprise the workman in
cime to turn down the vessel before serious damage is done,

Ihe shape of the vessel is an important feature. The interior is well formed for resisting
wear, for thorough agitation, and for the preservation of heat. The nose is equally convenient for
charging and discharging the metal, and for discharging the gaseous products of combustion into the
chimney. The angular position of the nose gives the vessel so large a capacity when lying on its
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side, that the whole charge will lie in it without running either into the tuyeres or out of the nose.
We can hardly see how the shape can he improved, or how any other would be admissible. In its

general features it was the first, and as here presented it was the second vessel introduced by
Bessemer.

The ladle-crane, Figs. 7004 to 7008, is another radical departure from the nearest kindred

7004.

practice. The ladle, instead of swinging from a crane chain, as in a foundry, is rigidly held in a
fixed orbit. This feature was original with Bessemer, and to it he added the old ladle with a
pouring nozzle in its bottom, regulated by a movable stopper. This consists of a loam-coated rod or,

Fig. 7009, armed at its lower end with a round-ended fire-brick or plumbago stopper, fitted to the
concave top of a fire-brick nozzle. The stopper is raised and lowered by a lever *, Fig. 7010, in the

hand of the workman. Thus the heavy steel is discharged pure, while the lighter slag and impuri-
ties are left at the top. Pouring steel into moulds over the rim of a ladle, as in foundries, would
make excessive scrap from spilling and chilling, and is wholly impracticable. The vertical motion
of the crane is necessary in pouring from the vessel, to keep the ladle close under the nose, thus
preventing too great a fall of the stream and consequent slopping. The ladle is alio tipped by a worm
and worm-wheel h, Fig. 7004, to regulate the position of the- nozzle over the moulds, and to turn
over the ladle for heating and repairs.

The radial motion of the ladle, by means of a rack or a screw t, is necessary to adjust the stream
vertically into moulds standing in different positions ; and it is convenient in properly placing the
ladle under the vessel's nose.

Again, the accurate adjusting of the stopper in the nozzle is effected by means of a hinged plate,
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Fi°u 7009, 7010, to which the stopper, slide, and lever are attached. These latter features are

peculiarly American.

Figs. 7011 to 7015, the English ladle-crane. The ram has no top support. The jib revolves

on friction-rollers, and the weight of the ladle is counterbalanced. The details of construction will

be further referred to. ~

7012.
,\..v,;..\.... ^.'xT^

7015.
'

A very large and regular product is essential to commercial success in the manufacture of steel.

The same engine and boiler capacity, the same vessels and accessories, the same quality and nearly
the same extent of hydraulic machinery, melting apparatus, and buildings, are required to make six

5-ton heats a day as to make sixteen 5-ton heats a day. Six heats was the maximum work in

England a few years ago, and still is in some foreign works, ten or twelve being the general average,
while eighteen to twenty-four heats are the standard practice in America. This additional work,
got out of nearly the same capital, is the result of these mechanical refinements.

In order to obtain with Bessemer machinery the maximum production, its strength and dura-
bility must be implicitly relied on. No weakness, irregularity, or inefficiency can be tolerated. The
failure of one little part may involve a whole system of machinery in costly delays and extensive

repairs.

Two vessels are simply indispensable. If a set of tuyeres will only endure four to six heats, and a
new set, together with its section of vessel lining, must be put in, dried, and thoroughly heated
before it can be used, it is easy to see that getting eighteen heats a day out of one vessel is beyond
the present capacity of refractory materials.

A double blowing engine, that is to say, two engines connected, has usually been preferred,

but is not indispensable to uniform blast. Two disconnected engines, however, as first used at the
Cambria Steel Works, in Pennsylvania, each engine large and strong enough in an emergency to

blow a heat, give the advantages of the double engine, and prevent delay in case one engine is

disabled. Nor is this all. Merely blowing say twenty heats occupies but ten of the twenty-four
hours, yet the engine must run ten or twelve hours besides this, at reduced speed and pressure, to

heat the vessels. Using one of the disconnected engines, instead of the whole of a double engine,
for this purpose, saves much steam and wear.

The pressure pump, for actuating the hydraulic machinery, is the heart of the Bessemer
system. If the heart stops, trouble is serious and immediate. Two pressure pumps are deemed
essential to maximum capacity. Two cranes are necessary to reach over the two vessels ; three are

indispensable to a product of 80 or 100 tons a day. Three cupolas are necessary to give time for the
repairs of their linings, although but one is run at a time. Four are used in the latest plants. Two
spio^el furnaces are employed for the same reason.

This and some further duplication of machinery is essential, not only to continuous working in

case of breakdowns, but to the simultaneous conduct of manufacture and repairs.

It will have been observed that in handling melted iron and steel on this large scale—handling
it so carefully as to prevent spilling, and so rapidly as to avoid chilling—requires not only strength
of parts, but great steadiness and celerity in the operations, and absolute control of them by the
workmen. This almost necessarily involves the use of hydraulic machinery. A steam hoist, a
simple cylinder and piston, is wholly inapplicable, by reason of the elasticity, condensation, and
consequent unsteadiness of the steam support. A steam hoist geared, to overcome this difficulty, is

liable to be disabled by heat, splashes of slag and metal, and showers of sand. Nothing can be
more simple and permanent than a massive hydraulic cylinder and ram. Water being practically

unaltered in volume by any temperature or pressure to which it is here subjected, its motion can be
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controlled with the utmost nicety, and its staying power, when placed, is like that of a cast-iron

column.
The difficulty of repairing the refractory linings, especially the vessel's bottom, wiucn lasts only

four to eight heats, was for a long time the weak point of the Bessemer system.
The early method of setting tuyeres was knocking out the stump left from the denudation of the

bottom, and inserting a new tuyere from the tuyere-box. The vessel being too hot to enter for

twenty hours or more after a blow, for the purpose of filling and ramming the space around the
tuyeres, this space could only be filled by pouring semi-fluid refractory material into the nose of the
vessel, and letting it set as best it might by the evaporation of the water. The bottom was thus
porous, and, unless long heated, it was damp. The constant breaking through of the steel was the
result.

Bessemer then devised the duplicate bottom, Fig. 7016, consisting of a tuyere-box, tuyeres, and
section of lining, previously rammed and dried. The old bottom, with its tuyere-box, "was with-
drawn bodily, and the uew one inserted. This was a vast improvement ; but still the annular space
around the new bottom had to be filled with a semi-fluid material, just like the space around the
individual tuyeres in the old practice; or else the vessel had to stand idle a long time to cool,

so that a. workman could enter it and ram the joint.

7018. AD 7017.
DA

7016.

After a good deal of experimenting, the simple expedient was arrived at in America of so con-
structing the lower part of the vessel, as at D, Figs. 7017, 7018, that the annular space can be
rammed from the outside with bricks or cakes of semi-plastic material. The method of inserting
this filling, by means of the rammers Q, K, into the annular space K, between the new bottom and
the vessel lining, is shown in Fig. 7017. The filling is then covered with the plates N, Fig. 7018,
which are cottered on ; after half-an-hour's heating the vessel is ready for use. A new, dry, and
trustworthy bottom can now be made in two hours from the last blow on the old bottom, so tliat one
vessel is always ready. Six interchangeable bottoms are employed for two vessels. This seems a
small detail, but it has been the chief cause of raising the product of American works from ten and
twelve to eighteen and twenty-four heats a day, and it has nearly done away with what was some-
times of daily occurrence in the old practice—the bursting through of the fluid metal, often so

suddenly and on such a scale as to render temporary repairs impossible, so that the whole charge
was made into scrap.

The lining of the vessel other than the bottom, with the best American refractory materials yet
employed, endures 400 to 500 heats. The best English materials last twice as long.

The English vessel lining is a hard sandstone, called ganister. It contains about 93 per cent,

of silica. 4 per cent, of alumina, 1 or 2 per cent, of oxide of iron, and often a little soda, lime, potash,

and other substances. It is a true quartzite. This is ground into sand and dust, and mixed, some-
times, but not always, with a little fire-clay while being ground. It is then wetted to a semi-plastic

consistency, and rammed into a solid wall, between an iron mould temporarily inserted and the shell

of the vessel. The hardness and uniformity of the ramming is of special importance. The lining is at

first slowly dried, ond then glazed by half filling the vessel with coal, and blowing for four to five

hours at 2-lb. to 3-lb. pressure. The vessel is then ready for use.

In the United States no stone exactly like ganister has yet been found. Any hard, dense sand-

stone, or any quartz, mixed with 10 or 12 per cent, of ground fire-clay, is used. The chemical
composition of many of these stones is similar to that of ganister, except that they contain a little

less alumina. The natural mixture of the small amount of alumina in ganister appear> to give the

mass a degree of density and cohesion, botli wet and dry, that can hardly be obtained witii three or

four times the amount artificially mixed. Too much alumina is chemically eaten away ; this is why
tuyeres fail so soon. A fire-brick vessel lining, though hard enough to stand the abrasion of the
surging mass, would be chemically destroyed in a very few heats. Silica, on the contrary, although
refractory enough, is soon washed away, because it will not fuse into a dense mass. The mecha-
nical structure of quartzite has an important bearing: on its endurance when rammed into the vessel.

The heat of successive charges compacts and hardens it.

In order to place the moulds in the vessel so that the lining material can be rammed around
them, the vessel must be taken apart. In many works, the vessel is divided near the centre ; each
section is turned with its larger opening upward, and separately rammed. The two are then put
together with a luting of fire-clay; the whole operation occupying thirty-six to forty-eight houry.

9 A
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The American plan, just being introduced, is that of duplicate top, oottom, and nose sections, which
are previously rammed and dried. The centre section, being more difficult of removal, on account
of the trunnions, is rammed in its place. The time lost in lining is thus brought down to about
twelve hours.

The regulator before referred to, Figs. 7019, 7020, is a raised platform F over the air and water
distributing apparatus, standing upon which workmen can observe and regulate all the motions of

the vessels and cranes. The necessity of concentrating these operations at a point out of reach of

the working heats of the vessels, and the flying splashes in case of accident, will be obvious. The
construction is explained by the drawing. The air-chamber A communicates with the blowing
engine ; the water and exhaust chambers O with the pressure pump. D, D, are the air-valves for

admitting the blast to the vessels ; E, E, the 3-way and 4-way valves, constructed like gas-cocks,

for distributing the water pressure to the hydraulic cylinders. Their construction is shown by
Figs. 7023, 7024. This is Bessemer's early regulator. A larger number of valves, and many im-

provements in detail, have been added.

7020.

7021.

The English form of ingot-crane is illustrated by Figs. 7021, 7022. All hydraulic cranes used in

Bessemer works consist of a vertically moving ram, to which a horizontal jib is attached. In
ordinary cranes the jib does not move vertically, which is a serious comparative disadvantage,

because all radial transference of the load must be done by racking the jib-carriage, from which the
load is suspended, backwards and forwards by slow-moving gearing or pulleys. When a jib rises and
falls, its carriage may be moved radially by simply pushing the load ; the carriage runs on the jib,

just like a car on a railway, unhampered by sheaves and chains. Bessemer's crane, Figs. 7021, 7022,
consists of a cylinder containing a ram of two diameters, the smaller end passing through a bottom
stuffing box, and the larger through an upper stuffing box. To the upper end the jib is attached.
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The difference in cross-sectional area between the two ends of the ram is the area acted upon by
the water to lift it. The lateral strain of the overhanging jib, on the upper end of the ram, is very
great, requiring excessive strength ; and its friction in the stuffing box is so severe that the ram
often chatters in rising, and the jib can only be turned in its orbit by means of the independent
head revolving on rollers. The foundation must be hollow to get at the lower stuffing box, and very
solid and wide to keep the whole structure from tipping over.

7023. 7027. 7029. 7029.

=<e=s*-

7026.

The crane generally used in American works, Figs. 7027 to 7029, consists of a cylinder, open at

the top only, and requiring chiefly vertical support from the solid pier on which it rests. The ram
passes through an upper stuffing box, and through a top support in the roof of the building. The
jib is placed between these supports, so that the lateral strain on the ram is comparatively small.
This is illustrated by the fact that no rollers are required ; the ram turns in the stuffing box. The
jib of an 8-ton crane can be pulled round its orbit by one hand. The ram is stepped upon a column
of water which is substantially frictionless. The top support has proved itself convenient, and
economical of power and repairs ; and, after counting the cost of the supports in the roof, this

system of cranes is less costly than Bessemer's system.

The amount of the hydraulic pressure employed has been regulated chiefly by the proportions of
the crane; that is to say, it was found that for an 8-ton crane, having a 10-ft. lift and 22-ft.jib, a
13-in. ram was well proportioned for strength. Adding friction and fluctuations of pressure, it was
found that 300 lbs. an inch on this 13-in. ram was abundant for all emergencies, and the working
pressure has been fixed at about this point, instead of being carried to 1500 lbs. or more, as is so usual
in other hydraulic machinery. The comparative durability of valves and packing under the low
pressure is very great.

Hydraulic pressure is applied to the ordinary form of crane, and also to the lift for raising

charges to the cupolas, by means of a simple cylinder, the piston-rod of which pulls a chain. The
length of the lift may be made two, three, or more times that of the piston, by interposing pulleys,

that is to say, the ordinary block and fall reversed.

The 4-way cock, Figs. 7023, 7024, that distributes the water to the lift-cylinder, is actuated by
a hand-chain within convenient reach of the workmen on the various floors. The advantages of
this lift over any geared or belted lift, unless complicated by brakes, are, first, that it cannot
overrun. When the cage is as high as it should go, the piston is at the end of the cylinder, and can
go no farther. Secondly, the control of the rate and extent of motion is much better, as it consists

in partly or wholly closing a cock, instead of wholly shifting a belt. Thirdly, the repairs of such a
lift, properly constructed, are hardly appreciable, compared with the maintenance of belts and
numerous and rapidly moving parts.

The important features of the Worthington duplex pressure-pump are generally illustrated by
Figs. 7030, 7031. The duplex system, the movement of the steam-valve of one engine by the

piston of the other engine, permits the water-pistons to stop, momentarily, at the ends of their

stroke, thus allowing the water-valves time to seat without slamming. This feature also causes

uniformity of pressure, and the absence of the fly-wheel gives the pump all the other advantages
of the Cornish engine.

Each water-engine, instead of being a cylinder bored from end to end and fitted witli a piston,

consists of two separate cylinders, bored in the throat only, and fitted with two plungers, connected

together. A stuffing box around a plunger is much more easily kept tight than the packing of a
piston, especially when the latter has a variable stroke and tends to wear and enlarge the middle of

the cylinder, particularly at the bottom, where sediment collecte.

The water is pumped into an accumulator, consisting of a cylinder and weighted ram like those

of a crane. When the cylinder is full, it nearly shuts oft* the steam from the pump by means of a
lever and throttle-valve. This arrangement saves some steam, and prevents the pump from running
too fast when several cranes happen to be started at once.

9 a 2
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Safety-valves for pressure and feed pumps are abandoned, it having been found better to make
the parts strong enough to resist the full force of the steam. When the water exit is shut oif, the
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pump simply stops, under pressure. The packings heretofore employed for the glands and pistons

of hydraulic machinery have been leather cups, which are not very durable, and, when large, are

quite costly. The Martin packing, consisting of a roll of hemp-tape forming a continuous ring,

and covered with wire cloth on the wearing surface, has been lately,adopted, with excellent results.

In the melting department some interesting and important changes have been made. The
reverberatory furnace was, until recently, employed for melting the principal charge, and is still

used in the United States for the spiegeleisen charge; because, as this is small and often has
to be held for some time after melting, the flame of the reverberatory constantly playing over it pre-

vents its chilling. The very oxidizable manganese in the spiegeleisen is also more affected by the
blast of the cupola than by the comparatively,neutral flame of the reverberatory.

In the older form of air-furnace, Fig. 7025, the flame and any free air it may contain are drawn
from the fire-box A along the roof of the furnace, and do not come into very direct contact with the
metal lying at B ; hence this form is best employed for melting the spiegeleisen. Fig. 7026 shows
a later form of furnace, which melts faster because the flame is thrown directly upon the metal
lying at B ; but it also oxidizes the metal more rapidly. It was first employed for melting the
principal charge, but as it required three hours and 2¿ tons of coal to bring down 5 tons of iron, it

was early abandoned for the cupola, which melts a 6-ton charge in less than one hour with 1 ton
of coal.

Adapting the cupola to the Bessemer manufacture has, however, required some costly experi-

menting. What was considered the best foundry cupola—MacKensie's, Fig. 7032—was first

employed ; but it would only melt 20 or 30 tons. The shallow
bottom then filled with slag, which choked the tuyeres and
scaffolded above them. The present cupola, Fig. 7033, melts

100 tons in eighteen to twenty hours.

The foundry cupola is made large enough to melt what is

required in two or three hours; the hearth is left shallow to

take the least amount of fuel, for the bed of coal must reach
above the tuyeres, however little iron is melted. And the
day's work is over before slag accumulates to any embarras-
sing extent. But the Bessemer cupola must deliver 6 tons an
hour, at the highest attainable temperature, for a whole day
and night. There must be a deep hearth or receptacle for

slag under the tuyeres, and an upper tapping hole by which
the slag may be worked off as in a blast furnace. The tuyere
area must be excessively large to ensure ample air admission
in case of partial chilling at any point ; and the size, shape,
and arrangement of tuyeres must be such that they can be
conveniently got at, cleaned, and changed without stopping
the operation.

A cupola for a 5-ton plant is of 5 ft. internal diameter and
14 ft. high

; it has six oval tuyeres of 5 and 8 in. diameter.
The boshes, so prominent in the MacKensie cupola, are re-
duced to prevent scaffolding. The MacKensie annular tuyere,
however valuable in foundry practice, is not adapted to long-
continued heats, because it cannot be conveniently cleaned
from without, while working.

After the last charge is tapped out, the Bessemer cupola bottom is dropped, in the usual manner,
to discharge the remaining débris. The most trustworthy cupola blower for the pressure here
required, not less ! than 1 lb. an inch, is undoubtedly a light reciprocating engine, like a blast-
furnace blowing engine. To give the required volume, 6000 cub. ft. a minute, such an engine is
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rather costly. After much unsatisfactory experimenting with rotary pressure blowers, several

American works have adopted the comparatively cheap Sturtevant high-speed fan-blower, with
marked success.

Interposing ladles between the cupolas and vessels is important in many respects. The cupola
cannot be so economically and regularly worked if its hearth has to fill up with the whole
12,000-lb. charge of iron every hour. The weight of the charges should be somewhat uniform, to
promote uniformity and accuracy of blowing and to recarburize with a fixed percentage of
spiegeleisen. This can only be accomplished by weighing the charge between the cupola and the
vessel ; and the ladles are placed on scales for this purpose. Several charges are often run into the
ladles when the converting department is not ready for them, otherwise the cupola would have to

be dumped, and part of a day's work lost.

Bessemer Process in England.—The iron almost exclusively employed in England for this process
is obtained from the Cumberland district, and is derived from red hematite ores. The analysis of
specimens of these ores is given at p. 2034.

The fuel used at the blast furnaces in the Cumberland district is the best Newcastle coke,

which is remarkable for its hardness and freedom from sulphur. The percentage of sulphur is

about 0*8, and of ash 4 -45. No charcoal pig is made in England for the Bessemer process. The
fluxes employed are a limestone quite free from phosphorus, and a portion of black shale from the
coal beds, consisting of clay and carbonaceous matter without any appreciable amount of sulphur.

The ores are not calcined. As it is necessary that the iron should be as grey as possible, not less

than 30 cwt. of coke are used to each ton of iron produced.
Forest of Dean iron, made from brown hematite ores, is frequently used in small quantities

in admixture with other irons for the purpose of maintaining the heat of the charge, which it tends
to do. It is apt, however, to contain too large a percentage of sulphur to work well alone.

Another brand which is said to work well is Weardale, an iron made from spathic ores. It is

unusually rich in manganese, and owes its excellence chiefly to that fact.

The pig iron used in the Bessemer process requires to be carefully selected ; it has been stated,

on authority, that the carbon in it should not be less than 3 per cent., silicon from 1 to 2 per cent.,

manganese not more than 3 per cent., and sulphur and phosphorus are limited to '05 per cent.

The following analyses exhibit the characteristics of some of the more usual brands of iron

employed ;

—

Carbon (graphitic) .

.

Phosphorus
Manganese

Cleator. Workington. Weardale. Forest of Dean.

4-007
1-752

0-Ö49
• •

3-14
3-12
0-05
0-03
0-02

3-24
1-80
0-04
0-19
1-45

325
1-36
0-037

The presence of silicon in the iron causes the charge to work hot in the converter, and it is

usual therefore to mix an iron rich in this element with others containing a less quantity, and
which have a tendency to work cold and become pasty. As a rule, Workington iron contains more
silicon than any other in use for the process, and being moreover an excellent iron is largely used.

It is, however, from the very fact of its working so hot, seldom employed alone, as it cuts the moulds
badly in pouring.

Sulphur and phosphorus are the most injurious elements found in the pig, because the Bessemer
process is powerless to remove them, and the quality of the steel is materially affected by their

presence. An effectual means of eliminating these substances, in the process of conversion, would
be a most valuable discovery.

It is usual among all the steel makers to mix several different brands of iron where a uniform

and good quality of steel is desired, but there seems to be no definite mixture which is agreed upon
as best. The principle appears to be to form the larger portion of the charge of the better brands

of Cumberland hematite, and to add as correctives smaller percentages of other irons. The following

will serve as examples ;—

I.

Workington ,. . . « . .

.

45
Harrington , 40
West Cumberland . . 10

Wi-an 20
Weardale 7
Forest of Dean 3

Spiegel

120

—
127^

IL
Cleator 40
Workington 20
Harrington (No. 1) ,

.

15
Harrington (No. 2) 5
Forest of Dean . 10
Wigan , . , , .

.

3

Spiegel

93

61 or 6}

For forgings, such as axles, tires, or locomotive crank-shafts, nono but No. 1 iron is commonly
used, but for rails a greater or less amount of No. 2 is added, in order to reduce the cost as far as

possible. The amount of this quality that may be used will of course depend on the character

of the iron.

The percentage of manganese in the spiegeleisen should be equal to about twice the amount of

carbon, the former having the effect of deoxidizing should the metal have blown rather to much.
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It is important also to use a small quantity of flux, such as aluminous ore, limestone, or lime and
broken fire-brick, in order to get a good fusible slag, otherwise shots of steel are suspended in the
slag and lost.

The iron as a rule is melted in reverberatory furnaces, but at some works cupolas have been sub-
stituted with apparently good results. Where cupolas are used, much greater care has to be exercised

in the selection of the coke, as fuel which might be used in the air furnaces would destroy the quality

of the iron if burned in contact with it. The opinion among those who employ the cupolas is, that it

is quite possible to find a coke sufficiently free from sulphur to yield a satisfactory result. At the Barrow
works, preparations had been made to convey the molten metal directly from the blast furnaces to the
converters, but after a number of trials it was found that the uniformity of the metal could not be
relied on, and, in consequence, the attempt was abandoned, and cupolas erected instead, to remelt
the pigs. The converters at the majority of the works have a capacity adequate for a yield of

5 tons of steel, or allowing one-sixth for waste, which may be taken as a fair average, for 6 tons of
molten iron. The material commonly employed for lining the vessels is ganister, a highly silicious

substance, found at Sheffield. Other materials have been tried at some works, as, for example, at
Dowlais, with apparently great success. A pair of vessels, at the works just mentioned, had,
in 1868, stood 300 blows each, without relining, and were still apparently in good condition. This
is much above the average endurance of the refractory linings.

The sizes of ingots most commonly cast are, for rails, about 10 in. square ; for locomotive crank-
shafts, ingots of a rectangular section, tay 22 in. x 16 in. ; and for other forgings, according to
the size and nature of the work, the moulds having a weight about equal to that of the ingots.

At some works the plan is adopted of testing a sample of each blow for carbon, and classifying

the metal according to the result of this test. By this means much greater uniformity in the
finished work is obtained, and in the present state of our knowledge of the process, this is a very
necessary means to secure this end, and should be more generally adopted. The process employed
was introduced from Sweden, and is exceedingly simple in its nature. It consists in dissolving
a known weight of metal, in the form of drill chips, or some other finely-divided state, in nitric

acid, of the gravity 1*2. The solution will have a brown colour, more or less deep, according
to the percentage of carbon contained in the metal. A standard colour, corresponding to a known
percentage of carbon, as det ermined by direct analysis, is first established, and the colour of the
solution to be tested is made to agree exactly with this by the addition of a certain quantity of
acid or water. That this, which is the readiest method of producing agreement, may be employed,
the colour of the standard solution must be light. The water is added to the solution in a gra-
duated test-tube, so that the exact proportion of water relatively to the original solution may be
read off with ease ; and if, for example, an equal bulk of water requires to be added to make the
colour the same as the standard, the percentage of carbon in the specimen under test must be just
double that of the standard. As a solution of steel in acid would in the course of time change its

colour, an exact imitation of it is made by dissolving burnt sugar, and this is kept hermetically
sealed for comparison. To secure a light standard colour, it is not necessary that the piece of steel

dissolved should contain a small percentage of carbon ; but a larger quantity of acid may be used
in a known proportion, say twice or three times the required amount, and the corresponding per-
centage of carbon will be equally well ascer tained. This test is easily and quickly applied, and the
variation of colour being considerable, gives results sufficiently accurate for the purpose of a proper
classification of the ingots, according to the purposes for whirh they are suited.

The principal uses to which the Bessemer metal is put in England are the manufacture of rails,

tires, axles, machinery forgings, and boiler-plate.

Cast Steel.—For the manufacture of cast steel, bars of blistered steel which are highly carbonized
are broken into small pieces, melted in a crucible, cast in an iron mould, and form cast steel.

The form of the pots or crucibles is long and narrow, and they usually contain 30 or 40 lbs. of
metal. Pots are manufactured of fire-clay mixed with coke, or anthracite dust, or plumbago. An
ordinary clay pot will last for one day, or three heats.

Where the steel-pots are made of fire-clay and upon the works, the pot-flask or mould, and plug,
are commonly of the form Figs. 7035, 7036. The pot-mould is of cast iron, with two ears cast upon
it to lift it by. Its inside is the shape of the outside of the pots;
it is turned smooth, and is open at the bottom as well as at the
top. There is a loose bottom made to fit, but not so small as to
pass through ; this has a hole in the centre f in. in diameter.
When in use, it stands upon a low post firmly fixed in the ground,
which has also a hole 5 or 6 in. deep in its centre. The plug
which forms the inside of the pot is of lignum-vitas ; it has an
iron centre, which projects through it about 5 in., correspondingm size with the hole at the bottom of the mould. The clay for
each pot weighs about 21 lbs. ; it is moulded upon a strong bench
into a short cylinder, and the inside of the mould having been well
oiled, the clay is dropped into it, and the plug, also oiled, forced
into the clay, while the projection finds the hole in the loose bottom
in the centre of the mould, which guides the plug. The plug is
driven down 2 or 3 in. by the blows of a heavy mallet on the W3I. Ï035. 7036.
top of the iron head ; it is then taken out, to be oiled again,
by putting a piece of round iron through the hole in the iron head to lift by, giving it, at the same
tune, a screwing motion. It is then driven by the mallet, while the clay, rising up between the plugana the mould, reaches the top. The clay is cut even with the top of the mould with a knife,
a Q(i the plug taken out ; the pot is then narrowed at the top by passing the knife round between
it and the flask or mould several times, holding it inclined towards its centre. The mould is now
taKen and set with its loose bottom upon a small post fixed in the floor, and the mould gently allowed
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to rest upon it. This pushes up the bottom with the pot upon it ; and the hole being filled with
a bit of clay, the pot is finished. When the pots are sufficiently hard to bear handling, they are
placed to dry upou rows of shelves, against the flues in the furnace.

The form of the melting furnace, and the direction of the fire and flue, will be understood from
Figs 7037 to 7039. Fig. 7038 is a section of a ten-hole melting furnace, showing the direction of the
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flues and the form of the holes when about half worn, with one row of the pots in their places ; 1 to

10 are the flues of the melting holes, each one of which is carried up separately, and lined with fire-

brick to the top; 11, an open fire-grate; 12, the annealing grate, closed in front by a cast-metal

plate, rather broader than the depth of the melting pots : A, B, C, three broad bars of iron, bolted

to others at the back of the flues by cross-bars, to tie the chimney-stack firmly together.

When the furnaces or holes btcome so wide as to waste the coke, the whole materials of the
old melting holes—represented on the cross-seetion, Fig 7037. as occupying a space of 3 it. 6 in., by
3 ft. 3 in.—are taken out, and new ones built of a kind of natural faced fire-stone like Hags from
2 to 4 in. thick, cut into pieces 7 or 8 in. broad. These usually last four or five weeks before they

want removing.
The cross-section, Fig. 7037, shows the position in which the two pots stand in the hole, and

the cover in its usual position.

The cover-frame. Fig. 7040, is made of wrought iron 3 in. broad, by f in. thick. A large

fire-brick, made to fit, is held in its place by the movable bar of iron being preesed against it by
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two screws. The handle is of round iron, about 16 in. long. The furnace tope, Fig. 7041, upon

which the covers rest, are" of cast iron, an inch thick, cast in two parts. The plan, Fig. 7039, is a

7039.
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common arrangement of the other rooms connected with a melting furnace. The two troughs in

the clay-place are for melting the clay previously to tempering it.

Instead of fire-stone, ganister is often used in England for furnace linings.' In this case,

wooden moulds are employed of the form of the furnaces ; and the ground ganister, moistened
with water, is put round the mould, which is then drawn out. This kind of stone ia found in

irregular masses, usually with fire-clay and carboniferous shale.

The preparations for melting the steel are commenced by making a coal fire upon the grate

adjoining the annealing grate. The annealing grate must be large enough to hold twice as many
pots as there are melting holes in the furnace. If that number be ten, twenty pots are put inverted
upon the annealing grate, and the fire put down the spaces between them, which are then to be
filled up, so as to cover the pot with the small coke riddled from among the coke used for melting,
and upon these again the pot-lids are laid. This is done in order to have the pots gently heated to

a red heat, ready for using. Each pot requires a stand and a lid. In form, the stand is the
frustum of a cone about 3 in. high; and as upon the base of the stand the pot is to rest, they
should correspond in size. The stand is made of common fire-clay, but the lid of clay the same as
the pot ; it should be a little larger in diameter, flat on the under side,

7042 7043> 7044j
and a little convex on the upper. Each furnace has two stands placed

in the proper position upon the grate-bars ; and upon the stands two
puts, covered with their lids, from the annealing grate. Some fire, with
a little coal, and soon after some coke, is put on ; and when this has
burnt up, sufficient coke to cover the pots; when the furnace and pots

are at a white heat, the steel may be put in. The steel having been
broken and selected for the intended purpose, weighing say 34 lbs. for

each pot, is put into pans of iron or upon steel plates. To charge a pot,

the lid is taken off, and the lower end of a conical-shaped charger, Fig.

7031, placed over the pot, down which the steel is gently slid. The lid

is then replaced, and the other pot being charged in the same manner,
the furnace is filled with coke, and covered. Afterwards more coke is

added, the quantity being determined by the experience of the steel

maker.
Four hours will finish the heat, when a man removes the crucible,

by means of basket-tongs, from the fire, and puts it on the floor.

Another workman takes he pot and pours the metal into the mould.
Meanwhile the furnaco is cleared of clinkers and made ready to receive

the hot pot when emtied into the mould.
The ingots thus manufactured are drawn under hammers into the

desired forms of bars A brown- red heat only can be applied to this

steel without breaking it ; it requires, therefore, a great deal of heating
and hammering. This steel cannot be fagoted, and is welded to iron

with difficulty. It may be united with wrought iron in casting it on hot and clean iron, or welding
it by means of-fluxes, such as borax, or prussiate of potash.

Before the steel is well melted, it appears to be in astate of ebullition ; but when it is ready for

pouring it has a clear surface, and rests in the pot without motion.
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Figs. 7042 to 7044 are of several forms of tongs for lifting the pots for pouring.
Cast steel is largely manufactured, and for some purposes is preferred to all other kinds of steel,

notwithstanding the larger quantities and cheaper rates at which these are produced.
A considerable quantity of a kind of natural steel is produced from pig iron by working it in a

puddling furnace in a peculiar manner. Fig. 7045 is a section of a steel-puddling furnace°

7045.

A charge of about 280 lbs. of pig iron is introduced into the furnace, and the temperature raised

to redness. As soon as the metal begins to fuse and trickle down in. a fluid state, the damper is

partially closed, in order to temper the heat. From twelve to sixteen shovelfuls of iron ciuder,

from the rolls or squeezers, are added, and the whole is uniformly melted down. The mass is

then to be puddled with the addition of a little bLck oxide of manganese, common salt, and dry
clay, previously ground together. After this mixture has acted for some minutes, the damper is

fully opened, when about 40 lbs. of pig iron are put into the furnace, near the fire-bridge, upon
elevated beds of cinder prepared for that purpose. When this pig iron begins to trickle down, and
the mass on the bottom of the surface begins to boil and throw out blue jets of flame, the pig iron

is raked into the boiling mass, and the whole is then well mixed together. The mass soon begins
to swell up, and the small grains begin to form in it and break through the melted cinder on the
surface. As soon as the grains appear, the damper is three-quarters shut, and the process closely

inspected while the mass is being puddled to and fro beneath the covering layer of cinder. During
the whole of this process the heat should not be raised above cherry redness, or the welding heat of

shear steel. The blue jets of flame gradually disappear, while the formation of grains continues ;

these grains very soon begin to fuse together, so that the mass becomes waxy and cherry red. If

these precautions are not observed the mass will pass more or less into iron, and no uniform steel

product can be obtained. As soon as the mass is finished so far, the fire is stirred to keep up the
necessary heat for the succeeding operation, the damper is entirely shut and part of the mass is

collected into a ball, the remainder being always kept covered with cinder slack. This ball is

brought under the hammer and then worked into bars. The same process is continued until the
whole is worked into bars. When pig iron made from sparry iron ore, or mixtures of it with ether

pig iron, is used, only 20 lbs. of the pig iron are added at the later period of the process, instead of

about 40 lbs.

7046.Siemens' Furnaces.—Fig. 7046 is a longi-

tudinal section, Fig. 7047 a sectional plan,

and Figs. 7048, 7049, transverse sections of

a Siemens' furnace applicable to heating
steel. The furnace consists of the heated
chamber A, and of two fire-places or solid

hearths B and O, communicating respec-

tively with the two regenerators D and E.
The valve F consists of a rectangular box
of iron open at the two sides to the two
regenerators D and E, at the bottom to the
atmosphere, and at the top to the chimney
G. A spindle passes through the centre of

the two remaining close sides of the box.

and carries a rectangular flap, fitting the box sideways, and bearing against one of its upper and
one of its lower edges according to the position of the tumbling lever and weight II, which are
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fixed upon the spindle outside. When the valve is in the position shown dotted in Fig. 7046, the

atmospheric air entering from below proceeds in the direction indicated by the arrows, passing

through the regulator D over the fire-place B, through the heated chamber A over the fire-place

C, through the regenerator E
and by the valve F, into the 7047.

chimney G.
A fire having been lighted

upon the hearth B, through

the side opening K, the flame

passes through the furnace and
through the regenerator E to

the chimney G, heating on its

passage the perforated walls.

After working an hour the

valve F is reversed, fuel sup-

plied through the opening L
to the second fire-place C,

which is then operated upon
in an opposite direction to

that indicated by the arrows.

It is evident that by a con-

tinuation of the process an

*048. 7049 .
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accumulation of heat to any degree may be produced within the furnace, provided only the heat
produced in combustion is greater than the heat lost by radiation and the heat absorbed by the

metal in the heating chamber. Modifications of Siemens' furnace are largely employed for making
cast steel, and also in the production of steel by fusing pig iron with wrought iron upon the open
hearth, known as the Siemens-Martin process.

See Crucible. Founding and Casting. Iron.

Works relating to the subject ;—Mushet (D.), ' Papers on Iron and Steel,' royal 8vo, 1840. Percy
(Dr. J.), 'Iron and Steel/ 8vo, 1864. Crookes and Eöhrig's 'Metallurgy,' vol. iii., "Steel," 8vo,

1870. Grüner (M. L.), 'The Manufacture of Steel,' translated by Lenox Smith, 8vo, 1872.

'Journal of Iron and Steel,' 1871-73. Overman (F.), 'The Manufacture of Steel,' crown 8vo,

Philadelphia, 1873. Dessoye (J. B.), 'Guide Pratique de l'Acier ses propriétés,' 12mo, Paris.

Landrin (H. C), ' Traite de l'Acier,' 12mo, Paris.

STEP. Fb., (Jrassandìne ; Ger., Fusslager ; Ital., Cuscinetto inferiore ; Span., Ecbajo.

In machinery, a step is a kind of bearing in which the lower extremity of a spindle or a vertical

shaft revolves.

STIRRUP. Fr., Etrier ; Ger., Springropp ; Ital., Staffa ; Span., Estribo.

Any part of a machine resembling in shape or in functions the stirrup of a saddle, is called the
Stirrup.

STONE. Fr., Pierre ; Ger., Stein; Ital., Pietra; Span., Piedra.

See Comstruction. Masonry.
STOVE. Fr., Poêle ; Ger., Ofen ; Ital., Stufa ; Span., Estufa.

See Iron.

STRAP. T?r., Lien; Ger., Band; Ital., Collare ; Span., Abrazadera.

A strap is a band or strip of metal, usually curved to clasp or hold other parts ; as a beam-strap,

a spring strap ; especially the U-shaped part of a strap-head which clasps and holds the brasses.

The strap-head is a journal-box formed at the head of a connecting rod ; see Fig. 2361, p. 1194.

STROKE. Fr., Course; Ger., Hub; Ital., Corsa ; Span., Creerà.

The stroke is the entire movement of the piston of a steam-engine from one end to the other of
the cylinder. The respective strokes are distinguished as up and down strokes, or front and back

strokes, the front stroke being towards the cross-head. In the United States, the stroke of a loco-

motive piston towards the front of the engine is called the front stroke. The term is also applied
to the movement of the cross-head and other parts moving with the piston. The movement of a
slide-valve is called its travel or throw. The movement of a crank or an eccentric is called its throw.

SUGAR-MILL. Fr., Moulina sucre; Ger., Zuckermühle; Ital., Laminatojo da canne di zucchero ;

Span., Molino de azúcar.
The machinery employed in the manufacture of sugar may be divided into that used for

extracting the juice ; for clarification, or separating the pure liquor from extraneous and deleterious
substances ; for evaporation, or driving off the water which holds the sugar in solution ; and for
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curing, which includes the processes of drying, and, when required, of bleaching the sugar obtained
by evaporation.

The chief sources of sugar are the sugar-cane and beet-root. Of these the sugar-cane is the
more important, and we shall therefore confine our remarks to the extraction of juice from tho
cane. The cane, when fully grown, ought to be about 8 ft. high, and 1| in. diameter in the stem,
with a top of 3 or 4 ft. above. The stem consists of a core full of sweet juice—in fact, nothing but
sugar and water—surrounded by hard, woody fibre, which is again encased in a coating of silica,

and it is these outer casings that occasion trouble in properly expressing the juice.

A common method of obtaining the juice, and one still used in rough countries, to pass the
cane between two vertical rollers of hard wood, set in a strong wooden framework and driven by
cattle ; the three-roller horizontal mill is, however, now almost universally employed in expressing
cane-juice.

Before the use of iron became general, a simple system of framing, Figs. 7050, 7051, consisting

7050.

almost entirely of timber, was much adopted. The wood used is of the hardest description, gene-

rally obtained from the bullet, or bully, tree, which is somewhat similar but superior to teak. The
framing is very massive, timber of about 16 in. square being used for a mill with rollers 4 ft. long

by 2 ft. in diameter, and mortised and pinned together as firmly as possible. The only ironwork

requisite consists of two light side-frames upon which the metal bearings are fitted, and which also

carry the dumb returner. The advantages of this description of framing are ,—That it can be made
in the country ; that the cast-iron portion has very little strain upon it, and therefore is not liable

to break ; it is economical, as good timber can usually be obtained at a moderate distance, and
although skilled labour is dear, the expense of carriage is saved, and it can be repaired easily,

which we consider the chief recommendation for wood framings. "When properly constructed, tbe

weakest portion consists of the two wedges above the bearings of the top roller, so that in case of

any hard substance being passed between the rollers, the only damage done would be the straining,

and perhaps breaking, this portion of the mill. For this reason it is customary to keep spare

wedges in stock, so that they may be renewed in a few minutes if a breakage occurs. These wedges
are also useful on account of their elasticity permitting a certain amount of play between the top

and the two bottom rollers, by which means they adjust themselves to variations in the feed.

The most usual description of sugar-mill is shown in Figs. 7052, 7053 ; Fig. 7053 being the

front, and Fig. 7052 the side elevation respectively. In this case the rollers are similar to those of

7052.
7053.

the wooden-framed mill, but are of cast iron fitted with wrought-iron gudgeons, the distance

between the roller and the bearings being less than an inch. The framing is of cast iron, each side

frame being cast in one piece.

A, A, are the side frames fitted on the bed-plate B. C, C, bolts fitted with distance-pieces and

firmly screwed up so as to strengthen the framing in the direction of the thrust between the top

and the two bottom rollers. The reason bolts are employed, instead of casting that portion ot the

framing solid, is to remove the bottom rollers in case of necessity. The lower rollers 1>, IX are

provided with flanges for preventing the cane from getting out at the sides, and are adjusted by

means of screws. Another method has been applied, of acting simultaneously upon each peu

of screws by means of a horizontal shaft and bevel-gearing attached to their heads, somewhat

similar to the adjusting gear of an iron mill, as in Fig. 4472. The bolts that hold down the top

roller are carried through the framing and secured by a cotter at the lower end. In some mills they
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7054.

are only carried down a short distance, the cotter being passed through a slot in the framing, but
this plan throws all the upward strain on the cast-iron framing, which, if broken, could not be
repaired with the same facility as the bolts, The dumb turner, or dumb returner, F, Fig. 7052,

is a curved plate of iron, usually perforated and grooved, so placed as to receive the canes from
the front roller and guide them on to the back roller. For clearness of illustration the feeding

table and delivery are omitted, but are shown in Fig. 7051. They consist simply of a flat surface

and two sloping surfaces, to allow the canes to slide down them, the portion of the delivery nearest

the roller being fined off to a knife-edge and set as close as possible to it, to prevent the crushed
cane from being carried round iu consequence of its sticking to the surface.

Fig. 7051 is a side elevation of a mill de-

signed to obviate the-excessive strains to which
sugar-mills are constantly and almost suddenly

subjected. It will be seen that in this arrange-

ment the top roller is kept down by a compound
lever, and as the distance of the weight from

the fulcrum of the lower lever or the weight

itself can easily be varied, any required pres-

sure may be obtained. As it is not at all un-

usual for the feed to vary so much that at one

moment few if any canes are passing between

the rollers, whilst at the next the mill is choked

with them, the play here permitted becomes

of the highest importance.

The disadvantage of this mill is that it

allows too great an amount of play ; as when
a large quantity of canes are passing it is

necessary that the pressure should be propor-

tionately great, or the inside ones would not be

properly crushed. This fault might be some-

what overcome by the use of a spring instead

of a weight.

Although not often applied, reversing gear

is very essential, as it not unfrequ ently happens that the mill gets choked, when it is necessary to

reverse in order to free the rollers.

Combined Canz-mills.—In the mills just described the foundation is both a very important and a
very costly item. It consists of thre e parts ; that carrying the engine, another carrying the inter-

mediate gearing, and that under the mill. To render the mill effective it is necessary that these

should be very massive, of first-class workmanship, and firmly bound together by iron or timber.

As good materials and workmanship are seldom to be obtained where the sugar-cane grows, a
species of mill called the combined cane-mill has been extensively employed. This term includes

all those mills where the engine, gearing, and mill stand on the same bed-plate, so that the strain

upon the various parts should be self-contuined and entirely independent of the foundations, and
thereby do away with the chief expense incurred abroad. In 1844 H. O. Kobinson introduced an
arrangement for a combined mill, which, although frequently copied in principle, did not as a
whole come into general use.

Figs. 7055, 7056, are of a combined mill by H. O. "Robinson. The bed-plate is made in two piece?,

and, as in this case, is adapted for

altering an old mill into a combined
mill by the attachment of the old bed-

plate of the mill to the bed-plate of the

engine by means of strong brackets.

In a new mill, however, the bed-plate

would be cast in halves and bolted

together. In order to reduce the
number of revolutions of the engine-
shift to that requisite tor the mill-

rollers, double gearing is employed,
the first pair of wheels being internal.

By this arrangement the spur-gear is

brought within convenient propor-

tions, and the only defect is the height
of the crank-shaft from the bed-plate,

which renders it rather unstable when
the feed is moderately heavy.

G. Buchanan constructs the side frames of sugar-mills with a combination of cast and wrought
iron, by which means a degree of lightness and strength is attained far superior to that of any iron
mill we have described. Tho cast-iron skeleton side frame is made as in Fig. 7057 ; upon each side
of this is fitted a stout wrought-iron plate about an inch thick, and cut out as in Fig. 7058 to the
requisite pattern to form the frame. The wrought-iron sides and cast-iron skeleton are firmly fixed
together by riveting through holes made to correspond, Figs. 7057, 7058. To avoid the necessity of
supplying two spare rollers in case of accident, that is, one for the top and one for the bottom, the
flanges of the bottom rollers are dispensed with, so that all three rollers being alike, only one spare
one is required. The canes are prevented from getting out at the ends of the rollers by means of a
fender-plate A, Fig. 7059, fixed at each end of the top roller, which fits in between the feed and
delivery tables B, C. To avoid lifting the bottom rollers when they are required to be taken out,
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the openings in the side frame are made horizontal ; by this means also the top roller need not be
removed before drawing out the others. Wrought-iron tie-bars, shown in dotted lines at D,

7057.

Cast Irow Sk&Lezsry Standards
7058.

CastlrcrvSkeHjeunv for cnrKsido of Standes*!*.

Fig. 7059, are used for the purpose of

bracing together the framing, and also

for setting up " the lower rollers, these
bars being topped to receive the adjust-
ing screws.

Fig. 7060 is an elevation of one of
these mills complete. In this case it will
be seen that the machinery is kept well
down, so that great steadiness is obtained.
As in Figs. 7055, 7056, double gearing is

employed, only the internal spur-gearing
is used for the second motion instead of
the first, thus placing the strongest form
where the greatest strain occurs.

For convenience in feeding cane-mills
a cane-carrier is sometimes used. This
consists in an endless band, the width
equal to the length of the rollers and
of any desired length. It is usually made
of thin slots of wood attached to a pitch
chain running over wheels in the usual

7059.

Erta Tïevsr

ì^-Ui y ^3w
manner. The driving wheel is generally connected, either by a belt or gearing, to one of the mill-

spindles. By this means the canes can be spread evenly over the tablr and fed into the mill with
much greater regularity than the old method of pitching the bundles of cane directly between the

rollers. A trash elevator, made in a similar manner, is also used for carrying away the crushed
cane or trash into the drying sheds.

Besides roller mills two or three other methods of extracting the juice from canes have been
tried.

Henry Bessemer, in 1849, devised an arrangement, a side elevation of which is given in

Fig. 7061. It will be seen that it consists of an engine A driving a crank-shaft B. upon which
there are two cranks working the plungers C. These plungers work backwards and forwards
in two rectangular boxes D, the sides and bottom of which are pierced with small holes, while
the ends are. open. These boxes were intended to be parallel throughout, but afterwards they
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were slightly contracted towards the ends. In the figure, only one box and plunger can be
seen, the other being arranged alongside. To work this press a cane is put into each of the

four hoppers E, E', and the engine started ; when, as the plunger moves to the end of its stroke,

Fig. 7061, it leaves the bottom of the hoppers E open, and allows the canes to drop down into

the boxes D. Upon the return stroke the plunger cuts off those parts of the cane that are in

the box and forces them along the rectangular casing, and while thus acting it leaves the

openings of the hoppers E open, when the canes drop down into the box, and a similar process
is repeated on the return stroke of the plunger. By this means the rectangular chambers
become filled with pieces of cane equal in length to the height of the box. It was thought
that as the canes were somewhat roughly cut off they would offer considerable resistance to the
plunger as they were gradually forced to the open ends of the boxes, which resistance would
be increased in proportion to the number of pieces of cane ; and tliat when the boxes were full

their united resistance would be so great that the pressure required to force them along would
completely press out the juice through the perforations B' in the box. When the machine was
tested in E ìgland with canes brought, we believe, from Madeira, this result was fairly obtained,

but in this case the canes were very hard and tough. "When tried afterwards in the West Indies
with fresh juicy canes it was found impossible to obtain sufficient pressure, and with parallel

chambers the pieces of cane were shot out at the open end as fast as they were cut oif. When
the chambers were tapered so as to prevent this, the shock at each stroke of the plunger became
so excessive as to endanger the machinery, whilst very little juice was expressed.

Another method of extracting the juice, used both for canes and beet-root, is that known as
the diffusion process. In 1844 Constable proposed to cut the cane into cross slices by means of a
revolving shaft carrying a number of circular cutters on it, and so placed that the slices were
made about the tenth of an inch thick. These slices of cane were then to be put into vessels and
cooked in hot water until the sugar was dissolved out. A series of vessels was to be employed,
so that as the liquor in the first became too much charged with sugar to dissolve the whole of it

out of the contained slices, they were placed in the next, wherein the liquor was weaker, and
so on until the liquor in the first vessel became sufficiently charged with sugar to be pumped
out into the evaporating pan, when this first vessel in its turn became the last of the series.

An improvement upon this method was made in 1869 by Julius Bobert, of Austria, in which
the entire process of diffusion is carried on continuously in one vessel. This is effected by intro-

ducing the slices of cane or beet-root through a feeding apparatus at the bottom of the vessel,

from which they rise slowly and gradually to the top, while the fresh water is constantly running
in at the top, and is drawn off at the bottom as diffusion juice, after having remained in contact

with the slices a sufficient time. The water in its gradual descent through the entire height of

the diffusion vessel passes through all the stages of gradually increasing concentration, and the
sugar in the slices, in their ascent, becomes gradually extracted in a corresponding manner, so that
the whole process of extraction is carried out in a single vessel instead of a battery of diffusers.

Fig. 7062 is a sectional elevation of Bobert's diffuser. It consists of a cylindrical diffusion

vessel A fitted with a central shaft B which carries a series of arms or blades C, C, and is kept
in slow rotation by the gearing D. The slices of cane are fed in through the tube E by
means of a series of screw-blade3 revolving on the spindle F, by the action of which they are
forced down into the perforated bottom H of the diffuser, where they are spread over its sur-
face by the rotating arms 0. The diffusion vessel is divided at equal distances by perforated
plates, which permit the free descent of the water or diffusion juice, but prevent the slices

from rising too rapidly. Each of these plates is provided with an opening equal to about one-
eighth of its area, through which the slices can rise into the next division, but these openings
are so placed as to prevent the slices from ascending in a straight line to the top of the
vessel. Each perforated plate has a revolving blade C above and below. The water is introduced
at the top of the vessel through the perforated pipes t, i, connected with the main pipe I. The
diffusion juice is drawn off through the pipe J, and the extracted cane is swept off by the revolving
scraper K. A coil pipe L is provided for heating the juice by steam if required.

The cane-juice in its way from the mill to the clarifiers passes through a strainer for the purpose
of freeing it from bits of cane and other mechanical impurities. This strainer consists of a series of
three or four perforated plates, the holes in the lowest being the smallest. The top plate, which stops
all the large pieces, is frequently roughly cleared out by hand, and when the mill stops the whole
are properly cleaned. As the clarifiers are usually placed considerably higher than the mill the
juice has then to be raised. This is generally done by means oí large-barrelled, short-stroke pumps,
worked from one or more of the roller gudgeons ; usually two pumps are employed, to prevent
stoppages in case of one getting choked. The objections to the use of pumps are, that a certain
amount of grease and metal from the working parts is mixed with the juice, and also that the juice



SUGAR-MILL. 2943

is kept too long at a temperature most suitable for fermentation. A French invention, termed a
monte-jus, Fig. 7063, is now very generally substituted for these pumps. The body of the monte-

7062.
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jus consists of two parts, A and B, separated by a steam-tight diaphragm ; the upper part A
receiving the juice from the mill, while the charge in the lower portion is elevated. When the
lower part B is empty the valve C is raised by means of the handle c, aud at the same time
the cock of the air-pipe D is opened. The juice in the upper portion A at once descends into the
chamber B, the valve C being left open until it is sufficiently full, and then screwed down. In
order to ascertain when the chamber B is charged, the air-pipe D is carried down from 4 to G in.

below the top of the chamber B, or to the height to which the juice should attain ; the cessation of

the whistling noise made by the air rushing out at this air-pipe being the signal for shutting off the
supply. The air-cock being closed, steam is introduced through the steam-pipe E, when the

pressure on the surface of the juice forces it out through the discharge-pipe F. As this pipe is

carried down to within a short distance of the bottom, the whole of the liquor is discharged from the

lower chamber. A small cock g is provided in case the chamber B should be allowed to get too

full, as in that case the steam, when let in through the pipe E, mixes with the juice and cvndenses.
By this method of raising the juice it is kept free from grease and dirt, there beiDg no working
parts in the machine; it is also made sufficiently warm to retard fermentation.

Clarification.—This process consists in removing, as far as possible, all impurities from the juice,
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whether mechanical or chemical ; we shall, however, confine ourselves to describing the clarifiera

used in the almost universal practice of clarifying or defecating by common lime. These consist of

two classes clarifiers heated by an open fire or the waste heat from the evaporating pans, and those

which are heated by steam. A very usual plan of heating by means of the waste heat from the

evaporatine pans is shown in Fig. 7064. Here the clarifiers A are circular pans, holding about,500

gallons each, and are heated by the waste heat from the battery B ; the arrangement of flues C and

dampers D illustrating the method by which any one or more clarifiers may be heated as required,

and also the means by which the heat may be allowed to pass direct to the chimney. This plan is

1065.

especially adapted to sugar-houses where no
steam is used, where, for instance, the mill is

driven by water power, and the juice evapo-

rated under the old system. Fig. 7065 is

another method of heating by a separate fire

under each clarifier, the waste heat going into

the same flue 6 as that of the evaporating
Ï067.

pans B, and both combining to heat one or more steam-boilers C. This plan may be adopted where
the sugar is finished in any of the modern methods, and is sometimes preferred in consequence of

the first cost being much less than steam clarifiers.

In spite, however, of the first cost, there is no doubt that heating by steam has great advantages
and is eventually the cheapest. Figs. 7066, 7067, are a sectional elevation and plan of a steam clarifier

of the ordinary type. It consists of a rectangular cast-iron vessel A, usually from 500 to 700 gallons

in capacity, fitted with a double bottom B, into which steam is admitted as required. A coil of

copper pipes O is fitted inside the pan, into one end of which, c, steam is admitted, which after

traversing its length passes out at d into the double bottom B, the condense water being drawn ofY

by means of the cock E. In order to facilitate the cleaning of the pan the coil is clamped together

at e <?', and is fitted at c c' with stuffing boxes, so that by means of a ring-bolt fitted in the clamp e

it may be lifted into an upright position. By this means it is evident that the liquor contained in

the clarifier may be heated as soon as it is a few inches deep, and, what is of great importance,
the steam can be shut off at the exact time required. The cock F, which is for the purpose of

drawing off the liquor, is fitted with a plug / perforated with holes, placed at a suitable distance

above the bottom of the clarifier, in order that the sediment formed during the process of defecation

may be prevented from passing off with the clear liquor.

As soon as sufficient cane-juice has been run in, that is, as soon as it reaches to the top of the flues

in the fire-heated pans or covers the coil in the steam pans, heat is applied. When the juice has
attained a temperature of about 140° a small quantity of fine-ground lime, about 1 lb. to every 600
gallons of juice, is made into a milk, thrown into the pan and thoroughly stirred in. The tem-
perature is then allowed to rise until the thick scum which forms at the top begins to harden and
crack, when the heat is shut off, and the liquor, now clarified, allowed to stand for at least a quarter
of an hour. In drawing off the liquor a small quantity of a dirty colour comes away first, which is

usually returned into another clarifier while it is being filled. The liquor is then run into the
filter or evaporating pans, as the case may be, until within a few inches of the bottom, about the
height of the lower perforations in the plug, Fig. 7066, when upon it changing colour it is stopped.
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What is left, consisting of the top scum and bottom sediment, is usually sent to the still-house.

In some places, however, where labour is cheap and the rum inferior, a scum press is used for

extracting the contained liquor, which is either re-clarified or filtered. This press consists of a
square chamber perforated with small holes, and into which a piston is fitted and worked down
by a screw.

Filtration.—After clarification, or at a somewhat later stage of the manufacture, it is usual to

filter the liquor, partly in order to get rid of the feculencies too minute for elimination by the former

process, and also to decolorize and chemically purify it. In Fig. 7068 is shown what is called a
bag or bell filter, the latter term being applied in consequence of the shape of the metal pieces, or

bells A, to which the upper end of the bags B are attached. This filter consists of a casing, usually
about 9 ft. high, 5 ft. wide, and 3 ft. deep. The upper portion C is a cistern, the bottom of which is

pierced with a series of holes into which the gun-metal bells A are fitted. The bags B which are

tied on to these bells, consist of an outer casing of coarse canvas about 8 in. in diameter and 6 ft.

long, and inside this casing is stuffed a bag of twilled cotton, made expressly for the purpose, about
3 ft. in diameter, and the same length as the outer casing. The reason for making the inner bag so

much larger than the outer, is to give more filtering surface, the outer casing being only of use to

keep the other within bounds. The centre portion of the casing D is provided with doors the whole
of its height and width for convenience in changing the bags as they become dirty. The lower
portion of the casing E is a cistern for holding the filtered liquor which is drawn off as required.

These filters have been found useful for cleaning the liquor, but they do not affect it in any other
respect ; besides which their height makes them inconvenient, and necessitates pumping.

7069. 7063.
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A charcoal filter to be used at this stage of manufacture is shown
in Fig. 7069, where from its comparative shallowness the liquor may
be run in without pumping. This consists of a light galvanized

iron pan A running on a tramway. A perforated plate covered with

a blanket is fitted about 6 in. from the bottom, and a similar division

is made the same distance from the top. The space between these

is filled with animal charcoal. The liquor from the clarifiers runs

in through the gutter B, thence through the charcoal into the bottom

compartment^ whence it is drawn off by the cock 0. A small pipe D
is provided so that the liquor in passing through the charcoal should

not be retarded by the air getting compressed in the lower chamber.

The object of this filter is not only to remove the impurities similarly

to the bag filter, but to partially discolorize the liquor and also to

neutralize any acid that may remain.

The general form of charcoal filter employed for making high-

class sugar, principally in refineries, is shown in Fig. 7070. The
filter is an upright cylindrical casing of wrought iron, divided into

three compartments A, B, C, the top being a cistern for receiving the

liquor, the centre and largest compartment containing animal char-

coal, and the bottom being a small chamber fitted with a cock for

drawing off the filtered liquor. A man-hole D is provided for clean-

ing out the exhausted charcoal, and an air-pipe E for letting off

the air when the hot liquor is first run into fresh charcoal. The
divisions between the compartments are formed of perforated plates

upon which a coarse piece of woollen is placed, the upper division

being used for distributing the liquor over the charcoal, and the

lower for preventing the charcoal from coming through with the

liquor. The liquor is elevated by a monte-jus through the pipe F.

Evaporation.—There are two plans adopted for driving off the

water in the liquor, which ought to be only sugar and water, as it

comes from the filters, either by a naked fire from first to last, or

partly by fire and partly by steam. The former, which is the old

and perhaps still the most usual method, is illustrated in Fig. 7064, and consists of four coppers B,

and two teaches C, under each of which is a furnace. The liquor is first run into the largest or

grand copper, and as it evaporates is ladled into the next, and so on, until it arrives at the teaches

almost sufficiently concentrated. In these it is still further evaporated until the liquor contains

about 70 per cent, of crystallizable sugar, when it is skipped or struck, that is, emptied out into

coolers E. In order, however, to evaporate even thus far, the heat is so great (242°) that the colour

of the sugar is excessively darkened, and consequently its value greatly reduced. The only ad van-

tages this system possesses is that the plant costs but little, and also that skilled labour is

unnecessary.

70Ï0.
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The modern method of evaporation consists in concentrating the liquor up to a point at which
it is not likely to have its colour affected by the old method of an open fire, and afterwards bringing

it up to the required state of concentration at a comparatively low temperature. The first portion

of this process is similar to the old method without the teaches ; but instead of having a series of

coppers, a long rectangular boiler, divided into compartments, usually called a battery, is generally

adopted. Figs. 7071, 7072, are longitudinal and cross sections of a battery. It consists of a long

7071. 7072.

and somewhat shallow vessel, usually from 30 to 40 ft. long, 4 ft. wide, and varying in depth from
about 26 to 30 in. at the end farthest from the fire to about 20 in. at the near end. It is set with
bridges in the flues to prevent the heat going too much up the chimney, the brickwork being
carried up 8 or 12 in. above the top of the pan, and bevelled off to allow space for the froth of the
boiling liquor. The battery is divided into compartments by transverse partitions having sluice-

valves at the bottom; these valves being worked by a lever, Fig. 7072. By this means the liquor is

allowed to flow down, as required, without having recourse to the laborious method of ladling

from one compartment to another. When the cane-juice has been evaporated to a density of about
29° Beaumé, at which degree the boiling point is about 224° Fahr., and consequently considerably

below the temperature at which the juice is injured in colour, it is drawn off by means of the
cock A, for the purpose of being treated by one of the following methods of evaporation at low
temperature.

Methods for Concentrating Cane-juice at Low Temperatures.—Of the various schemes proposed for

this purpose, two only have been found to be practically useful; one having for its object the
exposure of thin films of heated liquor to the cooling effect of the air, and the other the rarefaction

of the air in which the liquor is placed. The former, as being cheaper and more simple to manage,
is generally used in modern sugar-houses of moderate dimensions ; while the latter, evaporation in

vacuo, is preferred on some large estates, and universally in refineries.

The Wetzel Concentration Fan, illustrated in Figs. 7073, 7074, consists of a semi-cylindrical pan A,

70V3. 7074.

enclosed in a steam-jacket supplied from the exhaust of the engine, into which is fitted a cylinder
of tubes B, fitted into the hemispherical ends C, C. The liquor to be evaporated is run into the
vessel A, and when full steam is admitted into the end O, thence through the tubes B, and out at
the end C, while at the same time the whole is caused to revolve slowly by means of the gearing D.
By this means a film—the liquor, which is kept hot by the steam-jacket of the pan—is carried up
into the air, and the moisture evaporated from it ; the heat thus extracted being constantly supplied
by the steam inside the tubes. As the steam used for this purpose is only of a moderate pressure,
the heat thus supplied is not sufficient to
discolour the sugar. In fact, the amount of 7075.
evaporation is so great that the temperature
rarely exceeds 200°, and is usually much less.

The only objection to this design of pan is

that the tubes are apt to churn the liquor,
and cause an inconvenient amount of froth,
unless driven at an exceedingly slow speed.
This defect has, however, been partially
overcome by reducing the diameter of the
drum, and giving it a proportionately greater
length.

Another pan for accomplishing the same
object, invented by Shroeder, is shown in
Fig. 7075, where the drum of steam-pipes
is replaced by a series of thin galvanized iron discs. This design has the advantage of not frothing
or churning the liquor, and it is also much cheaper ; but the process of evaporation is much slower,
in consequence of the revolving portion being deprived of supplementary heat.
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Fig. 7076 is a modification of this plan proposed by Bour, of Mauritius. Here the discs are
made hollow and somewhat spherical, and are provided with cups after the principle of a dredging
machine, the liquor scooped up by
them being discharged over the 7®.

surfaces of discs as they attain

their highest elevation. In this

case sufficient heat is obtained fur

rapid evaporation, and if the cups
were removed no churning action

could take place.

In working a pan upon one of

the above principles the liquor is

generally run out of the open-fire

battery, as already described, at

a density of about 27° Beauraé,

directly into it until the liquor

is within a few inches of the top. The discs or pipes, as the case may be, are then caused to revolve
very slowly, and steam heat applied until a strong grain appears in the liquor, which is quite thick.
It is then run out into coolers, when the pan is ready for another charge. Some sugar makers
prefer to add fresh liquor to pan from time to time as it evaporates down, so that the pan is

kept nearly full. The reason for this is that the crystals originally formed from the first charge
act as a nucleus for those of the successive charges, and that consequently a bolder, or larger, grain
is obtained. We think, however, that this object is better obtained in the coolers by making them
sufficiently large to hold several skips, or else by dividing the skips among several coolers, as the
temperature in the pans is generally too high for that purpose. The coolers are usually shallow,
rectangular vessels made of hard wood, and having their sides sloping outwards as shown at E,
Fig. 7064, a usual size being 6 ft. by 4 ft. by from 12 to 15 in. in depth.

The Vacuum Pan.—The best method of evaporating the liquor is by means of a vacuum, but
unfortunately the machinery required for this purpose is not only very expensive, but it is also

necessary to employ skilled labour to manage it.

The vacuum pan was invented by E. 0. Howard in 1812, since which time various improvements
in the details and many modifications in its shape have been made, but the principle has
remained substantially the same. In Fig. 7077 is shown one of the best modern arrangements.
The vacuimi pan A is usually made of copper, the lower half being enclosed in a cast-iron jacket.

A man-hole B is placed on the top
for the purposes of cleaning and re- £L$ 707?.

pairing. The pipe D is for the pur-

pose of carrying off the vapour, and is

fitted with a vessel variously termed
a safe or tell-tale E, for catching the
liquor if it primes over, when it is

returned through the cock e, the
amount of overflow being shown by
the glass gauge attached to the side.

The vapour passes on to the con-

denser F, the pipe G supplying the
cold-water jet, and the pipe H lead-

ing to the air-pumps. The steam is

supplied to the pan by the stop-valve

I, and the condensed water is re-

moved through the pipe i. A mea-
sure J, holding the right quantity of

liquor to constitute a charge for the
pan, is connected to it through a pipe,

and is also provided with a gin ss

gauge j. This measure is filled

through a pipe leading to the liquor

cistern, a vacuum being formed in

the measure by means of the air-

pipe L, connecting it to the top of

the vacuum pan. A glass sight-hole N is fitted in the upper part of the pan, a similar sight-hole

being plaeed on the opposite side, so that by looking through the one, the other, especially when
assisted by a lamp, affords sufficient light to judge of the state of the contained liquor. In addition

to this, means are adopted for extracting a sample from the inside of the pan without disturbing the

vacuum, by the use of a proof-stick O, Fig. 7078, which is capable of being inserted and screwed

air-tight into the pan in an oblique direction. This consists of a gun-metal rod with a cavity at

the lower end for receiving the sample, and fitting into a hollow casing. At the lower end of

this casing is fitted a shell-cock, the end of the gun-metal rod with the cavity Icing made square,

fitting into the hollow plug and acting as a spanner. As the aperture of the plug corresponds

to the cavity in the proof-stick, as soon as it is opened to the liquor a portion flows in, when by

turning the plug half round connection with the contents of the pan is cut off, and the portion that

has flowed into the cavitv of the proof-stick can be safely withdrawn for examination. The pan,

Fig. 7077, is also supplied witli a thermometer P, and barometer Q, fitted to its upper half, for ascer-

taining the temperature and quality of vacuum inside. There is also a st< am-pipe B, for cleansing

the pan when necessary. When the syrup is sufficiently boiled it is discharged through the valve

7078.
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S, either into a cooler, a heater, or taken directly to the centrifugals. The most usual plan on sugar

estates is to treat it in the old method, that is, to run it into coolers ; but for making refined or

white loaf-sugar it is discharged into a pan similar to the bottom half of the vacuum pan, but

without the coil, where it is raised to a temperature of 180° to 200° before being run into the moulds.

Some prefer to pass it through the centrifugals at once, as it is cured much more quickly ; but this

is only in consequence of the large proportion of sugar held in solution, and which would have

crystallized if left to cool. As but few estates are large enough to keep a vacuum pan constantly

going, it is usual to run the half-concentrated liquor into tanks or subsiders, in order that what

impurities are left may be allowed to separate before the liquor is drawn up into the pan.

Fig. 7079 is an elevation of a set of vacuum pumps.

A considerable modification

of the system of boiling in vacuo r\ n
is that known as the triple effet,

being of French origin. It con-

sists of a set of three vacuum
pans connected to one another,

and is intended to evaporate

the liquor from the beginning,

thereby superseding the use of

a naked fire altogether.

The main objects of the

triple-effet pan are economy of

fuel and in condensing water.

In the first of the three pans

there is but little vacuum, usu-

ally about 5 or 6 in. of mercury.

In the second the vacuum is

better, or about 12 to 14 in.;

and in the third is maintained

as good a vacuum as possible.

The pans are heated by
steam—usually obtained from

the exhaust of the mill and air-

pump engines—being introduced into the first one, which, from the lowness of the vacuum, requires

the most heat. The steam given off by this pan is used for heating the second, where the vacuum
is better ; the third pan being similarly heated from the steam of the second. The vapour of the

third pan is condensed in the same manner as that of an ordinary vacuum pan.

Fig. 7080 is an arrangement by Manlove, Alliott, and Co of this system. A is the measure

7080.

for charging the pans, connected by the pipe a to the first pan B\ which is connected by the

pipe 61 to the pan B2
; the third pan B3 being in its turn connected by the pipe 6

2 to the second.

This third pan is also connected to the monte-jus C by the pipe c. The first pan B* is heated by

steam from the steam-receiver D, the vapour from this pan passing into the receiver E 1

,
and thence

into the steam space of the second pan ; a similar process being repeated with the third pan B3
,
to

which is connected the condenser F and air-pumps. The vessels E 1
,
E2

,
and F, also act as safes or

tell-tales, in case the liquor primes over.

Supposing the first pan, which has a very slight vacuum, to boil at 200 ,
and the third, with the

best vacuum, to boil at 150°, the boiling point of the second or middle pan should be 175°, or inter-

mediate between the two. The steam from the first pan would thus be 25° hotter than the liquor

in the second, and the steam in the second 25° hotter than the liquor in the third; a sufficient

difference to produce a brisk boil. In this case the evaporation should theoretically proceed at
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the same speed in each pan, but practically there is a slight amount of los3 in the transmission of
the heat.

The advantages claimed for this system are economy in steam and in water for condensing the
vapour of the liquor. And no doubt by utilizing the heat of the vapour twice over instead of con-
densing it directly, such economy is obtained, although whether it is sufficient to compensate for
the increased cost of the apparatus has not been as v.„fc determined.

Fryer's Concretor.—The only other method of evaporation which remains to be noticed was
invented by Fryer, of Manchester, and is intended to evaporate the liquor to such a point that when
cold it becomes a solid mass. This is only of use to the refiner, but for his purpose it appears to be
well suited.

Figs. 7081, 7082, are of a Fryer's concretor by Manlove, Alliutt, and Co., of Nottingham.

Fig. 7081 is a side elevation ; Fig. 7082, a plan. The concretor consists of a series of shallow
trays A, A, A, placed end to end, and divided transversely by ribs running almost from side to side.

At one end of these trays is a furnace B, the flue of which runs beneath them, and at the other end
is an air-heater C, which makes use of the waste heat from the flue, and employs it in heating air

to be made use of in the revolving cylinder E. Between the trays A, A, and the revolving cylinder
E, isa small tank D. The whole series of trays A, A, A, is placed on a slight incline, the upper
end being next the furnace. The upper three trays are made of wrought iron, since the intense
heat here would render cast iron liable to fracture. The clarified juice from the pipe F flows first

on to the tray next the furnace ; it cannot flow straight down the incline towards the air- heater C,
because of the transverse ribs already alluded to, which oblige it to flow from side to side of the
tray in a shallow stream. Thus it has to traverse a channel some 400 ft. long before it can flow

away from the trays at the end next the air-heater, although the distance from the furnace to the
air-heater in a direct line is not quite 50 ft. While flowing over these trays the juice is kept rapidly

boiling by means of the heat from the furnace, and although it only takes some eight to ten minutes
to traverse them, its density is, during this short time, raised from say 10° to about 30° Baume.

From the trays the thickened syrup flows into the tank D, and thence passes into the revolving

cylinder E. This cylinder is full of scroll-shaped plates of iron, over both sides of which the
thickened syrup flows as the cylinder revolves, and thus exposes a very la ige surface to the action

of hot air, which is drawn through it by means of a fan G ; motion is given to the whole apparatus
by means of a small engine H. In this cylinder the syrup remains for about twenty minutes, and
at the end ofthat time flows from it at a temperature of about 195° to 200° Fahrenheit, and of such
a consistency that it sets quite hard on cooling. Thus properly-made conerete sugar forms a solid

mass, not liable to drainage during transport, and ready for immediate shipment.
Curing.—This process consists in separating the uncrystallized or rock portion of the sugar,

usually termed molasses, as far as practicable from the crystals of sugar, and effected by natural
or artificial drainage. The old method, still in very general use, is to dig the semi-liquid mass out
of the coolers as soon as it is sufficiently cold, and put it into hogsheads. These hogsheads have a
series of holes bored in their bottoms, into each of which is fitted a bulrush, long enough to
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extend a little above the top. After a few days these rushes are withdrawn and the molasses

allowed to drain out through the holes. This process is very tedious and also very ineffectual,

especially with low-quality sugar ; a large proportion of molasses still remaining in the hogsheads
when shipped, and constantly draining into the hold of the vessel. When the sugar has been
filtered through charcoal and evaporated in the vacuum pan, as in refineries, and at some sugar
estates, it is removed from the cooler, or rather the heater, into conical moulds of the shape of the
loaves of sugar, and varying in weight from 10 lbs. to 56 lbs., according to the quality of the sugar.

The apex of the cone, which is placed downwards, has a hole through it, which is stopped up during
the process of filling and for about twelve hours afterwards. The room in which these moulds
are placed is kept at a temperature of at least 100° to facilitate the drainage. When the holes at

the bottom of the moulds are unstopped, the molasses—or, as it is now called, syrup—drains into

a gutter placed underneath ; a piercer made of steel wire being used for clearing the way at the

lower end of the mould. After the syrup has drained away, clarified liquor is poured on the

top, which as it filters through washes the sugar crystals without dissolving them. It is a well-

known fact that sugar crystals are always colourless, and that the colour of a sample of sugar
depends upon the liquor coating the crystals ; if, therefore, this be washed off, the sugar assumes
a perfectly white colour. In practice the lower portion of the cane is always coloured, but when
the loaf is taken out of the mould, the coloured portion is knocked off, or if a handsome loaf is

required, a new end, or nose, is turned on by means of revolving cutters.

Artificial Curing.—The above process is frequently hastened by attaching the orifice of the cones

to a pipe in which a vacuum is formed, and thus sucking the liquor through the loaf. This plan
was invented by Hague in 1816, who first proposed the system for unrefined sugar. The uncured
sugar was placed in vessels the bottoms of which were made of perforated copper and connected to

a pipe communicating with an air-pump, and thus the molasses was drawn through the perforations

into the exhaust-pipe. It did not, however, find favour with the planters, and it is now superseded
by the centrifugal machine, excepting, as mentioned above, for loaf-sugar. Centrifugal machines
were first used for drying cotton and woollen goods, and were for that reason called hydro-extractors ;

but about thirty years ago Lawrence and Hardman designed one
for expelling molasses from sugar, since which time a great many
varieties have been invented, all, however, being alike in their essen-

tial features. These consist of a cylindrical basket revolving on an
upright shaft, the sides of which are made of wire gauze or perforated

metal, and into which the sugar is placed. This basket is enclosed

in a casing of such diameter as to leave an annular space of about
4 in . into which the molasses is expelled by centrifugal force through
the wire gauze when the basket is revolving at a high speed, a spout
being placed at the bottom of the casing to allow the expelled

molasses to run away to a receiver.

There are various arrangements of centrifugal machines, a few
of the best of which are the following ;—Fig. 7083 is an overhead
machine, by Walker, Henderson, and Co., where the driving gear is

placed above the basket. It will be seen that the basket is driven

\ Ï083.

m

7085

by a small upright engine A attached to the outer casing B, the speed being multiplied by frictional
gearing C. A brake D is attached to the basket-spindle for convenience of stopping. Figs. 7084, 7085,



SUGAR-MILL. 2951

are an elevation and plan, and Fig. 7086 is an enlarged section, of a centrifugal machine, by Man-
love, Alliott, and Co., Nottingham, driven by a separate engine. This method is very convenient

Ç

t
I

70S7.

for small estates, and it also can be worked independently of all other machinery except the boiler.

The machine comprises a revolving basket A, usually made of wire and carried by means of the
cast-iron dome B on a central shaft arranged with driving pulley, footstep, and neck-bearing, on
the central bracket C, the whole supported by the outer cast-iron casing D, which collects the

water or liquor thrown off from the material in the basket, and conveys it away through a discharge-
pipe. E is a brake for stopping the motion of the basket, and is applied by the lever-handle H
acting upon the angle-iron ring I riveted on to the cylinder bottom. X, K, are two copper doors

covering openings in the cylinder bottom, through which sugar may be discharged, passing down
the shoot L cast in the outer casing into a suitable receptacle placed below to receive it.

A machine of 3J ft. diameter would be driven from 800 to 1200 revolutions a minute, according
to the work to be done. At 1000 revolutions a minute, a machine of this size would exercise a
centrifugal force of 600 times the weight of the load, and at 1200 revolutions 865 times the weight
of the load ; thus 1 cwt. of material in a basket going at the rate of 1000 revolutions a minute would,
by the centrifugal force imparted to it, bear a weight or pressure upon the periphery of the basket
of 1 cwt. x 600 = 30 tons, and at 1200 revolutions 1 cwt. X 865 = 43 tons 5 cwt.

Fig. 7087 illustrates a Lessware's machine by J. and H. Gwynne, London, the arrangement
for driving being very much like that shown in Fig. 7083,

only inverted. This machine is very compact, and being
self-contained requires no expensive foundation. The basket,

instead of being made of wire gauze stiffened by vertical

ribs, consists of three casings, the inner being formed of thia

copper perforated as closely as possible ; round this is a

casing of wire gauze, and outside these two is a sheet-copper

casing, in which the holes are somewhat larger and farther

apart. In the ordinary basket the sugar is liable to stick in

moist lumps opposite the vertical ribs in consequence of the

meshes of the gauge being closed by them ;
but iu this case (¿r

Lessware has successfully removed that objection.

The baskets of centrifugals driven from beneath are

usually hung on cones, as shown in dotted lines, Fig. 7087,

and are either kept in place by a screw and nut at the top,

or, in some cases, by a button, or similar catch, turned by
hand ; the latter arrangement is for the purpose of removing
them as soon as the sugar inside is cured, and replacing

them with others already charged with raw sugar; but thia

method has many disadvantages. As the wire gauze of the

basket is liable to become clogged, especially when working
with sugar of a low quality, a steam jet is fitted to the inside of the outer casing, which being turned

on while the empty basket is slowly revolving, effectually cleanses the wire. In Figs. 7088, 7089,

is shown an arrangement for this purpose invented in 1849 by Finxel, of Bristol, which consists
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of a chamber A whose length is equal to the depth of the basket B, and which is perforated with

a series of holes, so that when the steam is let on through the cock 0, it impinges on the entire

surface of the basket as it revolves.

The speed at which the basket of a centrifugal

should be driven is generally reckoned at 10,000 cir-

cumferential ft. a minute. Thus a 48-in. centrifugal

is speeded for about 800 revolutions a minute, a 30-in.

machine having to make about 1060 révolutions in

the same time.

The amount of sugar that can be cured at one

time by a centrifugal, say of 48 in. diameter, varies

considerably with the quality. For large-grained

sugar some makers put in as much as the basket can

conveniently hold, or about 4£ cwt. ; but most prefer

from 2i to 3 cwt. for a full charge, as it is cured

more speedily and effectually. With low sugars a

charge of half the above quantity is sufficient. With
large-grained sugar three or four minutes, and some-

times even less, is sufficient to cure a charge ; but

low, sticky sugars require very much more time, or

from twenty minutes to half an hour. If a very pale-

coloured sugar is desired, a small quantity of hot

water, or, what is better, clarified syrup, may be

poured in after the molasses has been as far as

poosible driven out.

7090.

Fig. 7090 is a plan of a sugar-house, in which the apparatus already described are shown in
their respective places. The cane-mill A is supplied with a cane-carrier B and trash-carrier B 1

,

which leads to tbe trash-house B2
, usually a long narrow building with a tramway running along

the middle, and as high up as the roof will admit. The expressed juice runs along the gutter c to
the monte-jus C, where it is elevated into the clarifiers D, which are placed at a sufficient elevation
to allow the juice to descend through the various vessels until it arrives in the coolers by its own
gravity. The clarified liquor is conveyed by the gutters e to the filter E. From thence it runs
along the gutters / into the batteries F, where it is concentrated to about 27° Beaumé ; when it

is allowed to run along the gutters h into one of the Wetzel pans H, or if these are full, into the
cistern G, whence it is pumped into the Wetzels as required. When fully concentrated the syrup
is let down into the coolers I by movable shoots. Here it is allowed to stand until cold, when
it is cured in the centrifugal machines K, from whence it is removed to be dried on the bench R.
The molasses from the centrifugals is conveyed by the gutter k either into the cistern G or
tank L ; into the former for the purpose of being re-concentrated, or into the latter for supplying
the still-house. In order to economize fuel a tubular boiler M is fixed in the flue of the batteries,
as shown in dotted lines, the waste heat from the furnaces of which is sufficient to supply the
whole of the steam required. When it is not desirable to work the boiler the heat may be con-
ducted into the chimney by the flue m. The boiler N is for the purpose of supplying steam when
the batteries are not being worked. The tank O is placed on columns as high as the roof will
admit, and is used for washing out the clarifiers and batteries. The small cistern P to which is
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attached a donkey-engine Q, is for the purpose of receiving the condense water from the clarifiera

and returning it to the boilers ; the tank O supplying any extra quantity of water that may be
required. The engine S is for driving the centrifugals, Wetzels, and any other machinery that may
be required. A still is shown at T, and the situation of still-house is by the broken walls.

SUN-WHEEL. Fk., Mouche ; Ger., Laüfgetriebe ; Ital., Ruota planetaria ; Span., Rueda para
cambiar el movimiento.

See Mechanical Movements.
SURVEYING. Fß., Arpentage ; Gee., Feldmessen ; Ital., Agrimensura ; Span., Agrimensura.

Surveying and Levelling.—All surveys may be classed under one of two heads, namely, those

which are carried out without the aid of an angular instrument, and those in which one or more
instruments are employed. The principle upon which all surveying is based, is that of dividing the
area to be included in the survey into a certain number of triangles, the relative position and
accuracy of which are capable of being ascertained or checked, ab it is termed, by more than one
independent method. Of all geometrical figures the triangle is the only one which cannot change
its shape without at the same time altering the length of its sides. Provided the length of its sides

be constant its form is immutable. It must not be imagined, however, that the adoption of this

form ensures necessarily accurate measurement or renders errors in chaining of no consequence.
"Whatever geometrical form may be selected for subdividing the area of a survey, the necessity for

proof or tie-lines is absolute. The time placed at the disposal of the surveyor must, to a great extent,

modify the scale of precision to which he intends adhering, and the exact nature of the survey and
the purposes for which it is intended will also materially influence him. "When a survey is required
for building purposes, where every foot of frontage is of value, extreme accuracy is not only
desirable but absolutely necessary. In the simplest cases, these comprise merely the accurate
measurement of a quadrangular piece of ground, which includes the frontage and rear of the pro-

posed buildings. Upon the most extended scale they embrace the survey of large estates, the laying

out of the necessary roads and routes of intercommunication, the marking out of the course of the

drains, the gas and water pipes, and the taking of the levels to ascertain the contours of the ground.
Planning a Survey.—By the phrase planning a survey is meant the acquisition of that knowledge

of the ground and its principal features, which will enable the surveyor to design in his own mind
the general method upon which he intends to proceed. For this purpose he must make in all

cases a preliminary reconnaissance, and the principles which should guide him, are similar to those

already laid down in our article Eailway Engineering. Accompanied by a guide, the surveyor

must walk over the ground, carefully noting all the prominent objects which may be suitable for

stations, and making a rough sketch in a note-book. Whether a map of the district is procurable

or not, this walking over the ground should never be omitted ; but where such assistance is not

obtainable it must be performed more thoroughly and extensively. A surveyor should, before com-
mencing his field-work, have the general outline of the survey, and the general distribution of the

main triangles, roughly plotted in his imagination.

Thus while a map of the county is a great convenience, and a saving of time and trouble, it is

not indispensable, as a general resemblance to the actual plan of the locality is all that is really of

importance. The main object sought, is the cutting up or dividing of the area to be surveyed into

a number of triangles, always as far as possible consistent with the accurate determination of the

various objects to be included in the survey. Upon the selection of the main or base lines depend

the facility and ease with which the survey may be conducted, as well as the time which it will

occupy. While the system of lines laid down must always vary with the particular shape of the

parish or estate to be surveyed, yet, as a rule, the longer the lines the better, and the nearer they

approach to boundaries and fences the less need will there be of offsets and subsidiary triaugles. At
the same time it would be a serious error to spoil a well-conditioned triangle for the sake of running

one of its sides along a fence. This should be avoided, as it is not an uncommon practice, and is

an example of unscientific work. A well-conditioned triangle is one in which the angles are neither

very acute nor very obtuse, and in laying out tiiangles it should be endeavoured to make them as

nearly equiangular, and consequently equilateral, as possible. This is in many cases impossible,

but the principle should not be lost sight of. The advantage of keeping the triangles as nearly as

possible in conformity with these rules, is that the further the figure of the triangle deviates from

the equilateral, the greater will be the error incurred, if some of its dimensions be a little out. A
glance at Figs. 7091, 7092, will demonstrate the difference between a well and an ill conditioned

triangle. In compound or instrumental surveying, which has been treated of in Geodesy, ill-

conditioned triangles are not of so much importance as in simple chain measurements, but in

every case their employment is to be avoided.

7093

7091.

7092.

To distinguish base lines from others of a less important character, they are sometimes termed

station lines. A station is the point where any main or base line commences or terminates. It

may thus occur not only at these places, but anywhere along a main line win rever another lino,

perhaps a tie-line, may commence or end. This will bo understood from Fig. 709o, which repre-
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eents a piece of land to be surveyed by the chain. In the first place a base line from 1 to 5 is

measured as nearly as possible through the centre of it, and the two triangles 1, 4, 5, and 1, 6, 5,

constructed upon each side of it, to take in the boundaries. The two tie-lines to check the accuracy

of the measurements are measured from the points 2 and 3, which are therefore stations upon the

main or base line 1 and 5. There are in the figure six stations in all, and it will be shown, when
we treat of the field-book, that they are distinguished by particular marks, not only for the purpose

of preventing confusion, but also for the sake of guidance in plotting the work. As a general

principle, liable to some exceptions, the best plan is to measure a base line the whole length of the

survey, as nearly through the centre as convenient. Upon this construct as many subsidiary

triangles as possible, taking care to tie them in to the main line where necessary. The diagram,

Fi°\ 7093, is an example in point. There are, however, numerous instances where to follow this

course would entail superfluous labour, and the surveyor should know how to vary his triangles to

suit each particular occasion.

•In Fig. 7094 is represented an estate the form of which is not adapted to the same system of

lines as would answer for the example. Fig. 7093.

Those shown are sufficient to determine all the

points. Thus taking AB for the main line, and
plotting it on paper, the point O is obtained by the

intersection of the lines AC and EC, or at least

supposed to be correctly obtained. It will be seen

that it will be checked by another line. Haying
determined the point C, the point L is next obtained

from K and B by the intersection of lines KL
and B L. To find D we sweep a circle with the

radius B D, and another with a radius equal to L D from L. If all the measurements be correct,

the distance between the two points C and D will be found equal to that measured, which will

close the survey. Although not absolutely necessary, it would be well worth the time to continue

the line H J to D, which would, in case of error, determine at once which of the points, C or D,
was wrong.

Surveying Chains.—A description of these, as well of the other instruments employed in the

operations of surveying and levelling, will be found under Surveying Instruments. Our reasons for

preferring the chain of 100 ft. in length to the standard chain of 66 ft. have already been given in

Railway Engineering. On the contin ent of Europe steel tapes are preferred to chains. They have
the advantage of not being so liable to stretch ; but on the other hand, they are apt to become bent

and even broken in bad and uneven gr ound, and when there is much cover in the way. As the

length of a chain varies with the temper ature, and also in order to provide for the readjustment of

its length after it has been stretched by u¡¿e, a standard length should be laid down in the imme-
diate locality in which any survey of considerable extent is being conducted. Copings of walls,

and platforms of railway stations, form convenient places upon which to mark the standard length.

Should those not be available, a couple of stout stakes may be driven into the ground, and sawn off

flush with it. Upon their saw-cut surfaces the standard length may be accurately marked. It is

not a bad plan, as an additional precaution, to drive a third stake in the centre, and mark on it a
point corresponding to the exact middle division of the chain. In testing the chain, care must be
taken that the rings are quite free from dirt, and the links perfectly straight, so that the chain may
play freely along its whole length.

Chaining Base Lines.—The method of doing this has already been described under Geodesy,
when great care and accuracy are necessary, as in extensive trigonometrical surveys. The method is

the same, whatever description of measure may be adopted. For the usual purposes of surveying,

the ordinary iron or steel chain, when carefully handled, is quite sufficient.

Laying Off Perpendiculars with the Chain. — After measuring straight lines accurately with the

chain, the next elementary operation is to set out a line at any angle with a given line, or to ascer-

tain the angle between any two given lines. In small surveys, where the chain alone is employed,
this is usually confined to setting out lines at right angles to a given or base line. The chain, the
old cross staff, the optical square, or any an guiar instrument of a more complicated nature, may be
used for this purpose, and the extent and importance of the line to be ranged or set out, must
determine the method to be used. "Where the line is short the chain may be employed for the
purpose, but it is not so expeditious a mode as that by the
optical square. It, moreover, involves a little manipulation,
in which an error may be made, whereas the optical square
performs its task with mechanical fidelity. In Fig. 7095 let

A D be a base or any given line, and it is required to erect a
perpendicular at C, in the dir ection C E. Measure off C B
equal to 30 ft., fix one end of the chain at B, and let it be
firmly held there. Fix the ninetieth link at C, leaving ten
links loose, as shown by the dotted line C H. Take hold of
the central brass, or fiftieth link of the chain, pull taut, and
fix a pin at F. The line ranged through C F will be a per-
pendicular to A D at the point C. In books upon the subject
this operation is described a little differently. For example,
B C is made equal to 40 ft. mstead of 30 ft. It is clear that
as the line A D is fixed, and its direction certain, it is prefer-
able to make B C equal 30 ft. and C F equal to 40 ft., thus
giving a longer line to range out the perpendicular C E,
which may equal 100 ft. or more. The chain must be pulled quite taut at F, as the whole accuracy
of the proceeding consists in the triangle being rigidly and evenly constructed upon the ground.
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In a ploughed field upon a wet day, with the links of the chain clogged with dirt, some care ia

required to manage the operation successfully.

Theoretically this simple method of constructing a right-angled triangle upon the ground is

founded upon the 47th proposition of Euclid. It will be perceived that B F 2 = B C2 + C F 1 or

(50)
2 = (302 + 402

). Reduced to the smallest limits the ratio is 52 = (3
2 + 4'-), and consequently

any decimal multiplication of these numbers yields similarly truthful results. It is, in fact, the

construction of a right-angled triangle, in which the relative equality between the hypothenuse and
the remaining sides is given in integral numbers. The employment of this method is evidently

limited to short perpendiculars, as it is against all principles of sound surveying to range or produce
long lines from comparatively short ones. By the figure, the longest line from which to range out

a perpendicular to any point C cannot exceed 40 ft., and it would not be prudent to extend this

towards E beyond 100 ft., unless only approximative accuracy were demanded. This method is

therefore adapted but for very insignificant distances, and, moreover, should not be used for setting

out lines at right angles where they are to form subsidiary main lines of a survey. It will answer
well enough for building up small triangles upon existing base or main lines, in order to get in the
irregular boundaries of winding rivers or unsymmetrically-shaped woods and fences. The accuracy
of the point F may be checked by an angular instrument, in order to satisfy the surveyor that the
method is, first of all. a correct one, and, secondly, that he can do it correctly on the ground.

Laying Off Perpendiculars with Instruments.—A very ancient instrument for laying off perpendi-

culars to a given base line is the cross staff, which has been superseded by the optical square.

This useful little instrument is a pocket sextant denuded of its divided arc and one mirror, and with
the other fixed permanently at an angle of 45° to th e line of direct vision. It is a pocket sextant

capable of reading only an angle of 90°. Its essentia 1 feature is a small reflector, which is silvered

on its lower half but left plain upon its upper, thus admitting of direct vision through the latter,

whilst any object can only be seen by reflection upon its lower part. Suppose it be required to raise

a perpendicular at any point of a given line. Select any object in the line, and, standing over the

point to which the perpendicular is required, look through a hole in the instrument provided for the
purpose, until that object is seen clearly through the upper or unsilvered portion of the mirror.

Direct an assistant to take a ranging rod and walk in the direction of the perpendicular, until the
rod seen by reflection from the silvered or lower portion of the mirror, appears to coincide with the

object, or until the two objects, the one seen by direct and the other by reflected vision, overlap,

as it is termed. If the object be also a ranging rod, the overlapping of the two will be very distinct,

and the position of the perpendicular obtained with great precision.

Within certain limits this method of laying out perpendiculars is independent of the distance,

but if the ground is very uneven it is rather tedious, and, moreover, loses some of its accuracy.

When the ground is very rugged and hilly recourse must be had to the theodolite. If, instead of

setting out a perpendicular from a given point on a line, it is required to find where upon that line

a perpendicular from any given object situated to the right or left of it would fall, the operation is

simply reversed. In that case, after having first set up a ranging rod in the line, and sighted it by
direct vision, all that is necessary is to walk slowly towards it exactly along the line until the image
of the object from which the perpendicular is required, is seen by reflection to overlap the ranging
rod. The point where the observer then stands is the position of the perpendicular upon the given
line. It is well to let the object seen by direct vision be at least a couple of hundred feet off

from the point where the perpendicular is wanted, as the farther off it is situated, the better chance,

comparatively speaking, of the accuracy of the result.

Obstructions in Base Lines.—However desirous it may be to run the principal lines of a survey

clear of all obstacles and impediments, it is in many instances impossible to do so. In the ranging
out of the line it often happens that some obstacle may intervene, which cannot be seen until

the line is regularly and progressively chained out. and a near approach made to the impediment.
Figs. 7096, 7097, will explain this clearly. It must be borne in mind that the chief object in laying
out the main lines of the survey, is to obtain a

good series of triangles, and that, provided the
line selected is well adapted for this purpose, it

would be extremely injudicious to divert it, or

break it up, in consequence of a trifling impedi-
ment lying in its path. The best line should be
selected and adhered to, in spite of all obstacles

and impediments, which merely require care and
trouble to be successfully overcome. In Fig. 7096
suppose the base line to have been ranged from
D to C. From the point D the other end of the
base line can be seen at C, and intervening rods

can be put up in the line of sight at A and B.
There is, however, an impediment in the shape of

a house situated right in the line D C, which can-
not be seen from either D or C. A reference to

Fig. 7097, which shows a section of the ground
along the base line D C, will demonstrate the
reason of this. The house lies in a hollow, and
is evidently invisible from either end of the line.

After having ranged out the line, and proceeded
with the chaining as far as the first point A, it will be perceived that the house is situated right
between A and the next point B, and interrupts the line of sight Means therefore must be
taken for overcoming the difficulty, and for passing the obstacle. Àt the same time it must not be
assumed, that even had it been distinctly seen that the house would intersect the direction of the

096.
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base line it should therefore have been abandoned, and another run so as to clear the house.

It is true that the actual shifting of the line at the point where the obstacle occurred, might not

exceed a dozen feet to one side or the other, but this dozen feet in a base line a mile long would

throw the end out to a very great extent, and in all probability render it useless as a main line of

the system of triangulation proper to be adopted under the circumstances.

The majority of the methods employed for passing objects which interfere with the direction of

base lines, depend upon one or other of the problems of Euclid, including those relating to the pro-

perties of similar triangles. The direct measurement should always be obtained where possible,

and will in all cases be found more satisfactory. The methods which we are about to illustrate,

only apply to examples where the interruption is of a very limited nature. Where long distances

have to be determined with accuracy, there is no other plan of ascertaining them than by the use of

the theodolite and trigonometrical calculation. One of the simplest instances of an obstruction is

represented in Fig. 7098, where it is required to pass a house which is intersected by one of the

main lines. The plan to be pursued consists in setting out a line parallel to the main line for a dis-

tance sufficient to clear the obstacle, and then resuming the former direction. At some reasonable

distance from the obstacle let a perpendicular be laid off with the chain from the point A, and the

distance A a very carefully measured. At the point B set off another perpendicular Bò, of the same
length as A a. The distance a b should be of a length proportional to the length of the obstacle to

be passed, as it will determine the direction of the parallel line. This is obtained by ranging a line

through the points a and 6. After passing the obstacle at the point c, set off the perpendicular c O
of the same length as those already laid off at A and B. The point O will be in the direction of the

original base line, and by sighting from C to the next point visible on the main line, the correct

direction can be continued. Should it, however, be impossible to see any of the points on the main
line previously determined, the direction may be obtained by laying off from /, on the parallel line

the perpendicular/ E equal to c 0. By ranging through G E the base line may be continued until

one of the more distant points can be seen. If this

operation is carefully performed, it will be found on
checking the direction of the next point arrived at, that

the deviation will rot exceed two or three inches, which
may be regarded as practically of no consequence. The
essential points to be attended to, are the accurate

measurement of the perpendiculars, and the ranging
of the parallel line. It would be very imprudent to

range a line on, from the other side of the obstacle,

by this method, without determining some distant

point beyond it, to act as a check upon the direction,

for a slip of an inch or two at the obstacle might
become a serious error at the end of the line. So long

as the two extremities of a line are fixed, it is com-
paratively easy to maintain the intermediate points

in the proper direction.

Whenever the line has been ranged, and its direction fixed by points at each extremity, one of

which is visible from any given obstruction, the obstacle may be passed in a simpler manner than
that already described, and one which avoids the laying off of the perpendiculars, and the consequent
possibility of errors taking place. Let it be required to pass the house in Fig. 7099, situated in the
line A B, the points A and B being already determined, and the latter visible from the place where
the house stands. At the point O range a line C K, making CE = EK. Then, from any point D
in the direction of the base line, range D H through the point E, making DE = EH. The line

H K will be equal to the line C D, and the chaining may be proceeded with from the point D, after

adding the distance HK= O D to the distance already chained. In performing this operation on
the ground, care should be taken to make the triangles as well-conditioned as possible, avoiding all

very obtuse and very acute angles. As, within certain limits, the selection of the points C and D is

optional, there will be no difficulty in arranging them, so that the triangles CED and E H K should
be of the form required. When these departures from the regular chaining of the main lines take
place, it is advisable to make a small sketch in the field-book, showing the obstacle, the distance at

which it occurs, and the manner in which it is passed. We have hitherto regarded the obstacles

lying in the line of sight of the base line to be of a solid nature. Frequently, however, they are
merely superficial, at least so far as the surveyor is concerned, and similar examples are to be found
in rivers, lakes, and ponds. In fact, it is impossible to carry out a survey, having any pretensions

to size, without encountering some of these impediments. An error fallen into in most of the text-

book on surveying, is that of supposing and taking as the basis for illustration, that the line crosses

the river or other impediment exactly at right angles with the banks. This is a great mistake, as
in nearly every instance it will happen that the line crosses on the skew, and sometimes very
obliquely. It is a bad plan to attempt to work out a problem in surveying on the ground, without
having previously solved it on paper or in the head. It should first be studied theoretically, and
the theory of it satisfactorily demonstrated to be sound, and then it may be safely carried out in
the field.

As an example of distance inaccessible to chaining, suppose a large piece of water to be crossed
by the base line of a survey, as represented in Fig. 7100. Let A B be the base line, C D the distance
required. Standing at C, range any line C E. From D, set off D E perpendicular to the base line,

intersecting C E in any point E, and from E set off E F perpendicular to C E, and meeting the base
line in F. Should there be any difficulty in getting a sufficient length of line between E and the
water to lay off the perpendicular E F from, the object may be accomplished by producing C E to
H, and setting off the perpendicular from the prolonged part E H. Having correctly constructed
the triangles on the ground, it now remains to calculate the distance required. In the first place,

7099.



SURVEYING. 2957

the triangles DEF and DEC are equiangular, as may be easily demonstrated thus ; —AngleCDE=FDE= 90°. Angle C E F = 90° = D E F + D F E. But angle CEF=CED+
D E F, and consequently DEF + DFE = CED + DEF. Subtracting the common angleDEF from both sides of the equation, we have angle D F E = angle CED. Consequently the

71 00.

remaining angle D C E in the one triangle equals the remaining angle D E F in the other, and the
two triangles are equiangular. By the sixth book of Euclid, we have the following proportion
between the sides. D F : D E : : D E : D C. Multiplying extremes and means, we obtain D F x

D C = D E2 and D C =
DE 2

~DF
the distance required. To take another case, let us suppose a river

has to be crossed by the base line A B in Fig. 7101, and the length C D is the measurement wanted.
We will first describe the practical part of the operation, that is, the construction of the diagram on
the ground, and then demonstrate the truth of it theoretically. Measure the distance K C, range
any line DEH, and from the points K and C raise perpendiculars C E, K H to the base line A B,
meeting the line D H in E and H, taking care to measure very carefully the length of the perpen-

diculars C E and K H. The required distance C D will be given by the formula C D = =r= ?rñ .KH — O E
Now for the proof. Draw in the figure the dotted line E M perpendicular to H K. Then the
triangles HME and E C D are similar and equiangular, because since the line H D cuts the two
parallel lines H K, E C, by the first book of Euclid, angle D E C = angle E H M. For the same
reason, since M E and K D are parallel, the angle H EM = angle E D C, and as the remaining
angle in each triangle is each equal to 90°, the two triangles are equiangular. It follows from this

that we have the following proportions ;—HM : ME : : CE : CD. But HM = K H - CE, and
M E = CK. Substituting these values in the above ratio, we have KH — CE : CK :: CE :

C D. Multiplying the extremes and the means, we obtain (KH-CE)x C D = C E x CK,
p ri y rt fr

and, finally, C D = =r== ^= , which is the same as the formula given above. If the distanceKH — O E
CD be considerable, and it is desirable to check the accuracy of the operation, the line HE D may
be ranged on further upon the opposite side of the river in the direction of the dotted line, and the

distances D E, EH having been measured along it, perpendiculars may be dropped from thtm
upon the base line, which should be equal to KHand CE respectively. If this is carefully and
correctly performed, the error will be very trifling either in direction or amount. Occasionally,

instances will occur where the surveyor must, so to speak, invent a met!.od of his own, but if he
thoroughly understand the principle upon which all such problems are founded, he will have no
difficulty in applying them to particular examples for which no general rule can be laid down.

Before leaving the subject of horizontal inaccessible distances, a few words may be said respecting

one that was of a most important nature and somewhat difficult to obtain, the more especially as

minute accuracy was indispensable. The instance in question was the determination of the centre

spans of the Menai Tubular Bridge. They are 460 ft. wide in the clear, and as no temporary plat-

form of any description could be erected, it was exceedingly difficult to ascertain the distance by
direct measurement. It was, of course, effected trigonometrically, but a plan was formed to obtain

it by what might be termed indirect measurement, inasmuch as it did not involve the use of any

angular instrument, but depended upon the properties of the catenary. Two plans were put into

execution. The first consisted in hanging a strong copper wire from a given height upon each shore,

in such a manner that it assumed the catenary curve, and its lowest point just touched the surface

of the water when it was quite calm. The level of the water having been accurately determined,

the wire was then suspended under precisely identical conditions upon the shore, and the horizontal

distance or chord of the arc accurately measured. By the second plan, the span itself was actually

measured in a direct manner. For this purpose a number of deal rods were threaded on a rope,

and on a calm day gently floated on the water, until they came pretty nearly into the position

required. They were then drawn, by means of the rope, into a straight line, and as propel care was

taken that their ends were in close contact, the span between the piers was accurately deter-

mined. All these three methods, namely, the trigonometrical one and the two just described,

tallied perfectly in their respective results. It is evident that there was no absolute necessity for

erecting the wire upon shore in order to obtain the length of the span or chord, tor as the length of

the chain, that is, of the arc, was known, and also the abscissa or versed Bine, the chord or span could

be obtained by calculation. Tables have been compiled giving their relative dimensions, and it is

clear that if the proportions be once known for any three dimensions, they can be ascertained for

any multiples or submultiples of them. Thus, if S be the half span of the chain, V the versed siue

or distance of the lowest point of the curve below the horizontal line, and L the length of the arc,
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then whatever particular case may be selected as a datum, it will furnish a basis for the calculation

of others in which the above conditions prevail. If for certain values of S and V, L be found to
have a value of x, then if the S and V become equal toy xS and y x V, the value of L will be
equal to y x x. For instance, in the tables of Davies Gilbert, when S = 100, and V = 20
L = 102-6. Consequently when S = 200 and V = 40, then L = 205 "2 = length of half chain.
The accuracy of this may be checked by the well-known formula, applicable to the determination
of the length of a suspension of chain when the chord and versed sine are known. Usino- the
same notation, but bearing in mind that L, in this instance, representa the length of the whole

4V2
chain, we have L -.vfty + Substituting in this formula our values, S = 400

7104.

V = 40, the equation becomes L = 2 V4UOOO + 2133-33. From this, L = 2 x 205 2 = 410*4,
which is exactly double the half chain found from the tables. A diagram of this is shown in
Fig. 7102, which exhibits the deflection of a catenary of the above dimensions.

It is evident that in those instances in which
the intervening space, which cannot be directly

measured, has to be spanned by a structure of iron,

great accuracy is indispensable. The ironwork
is constructed, and often partially put together,

before it is brought fo its permanent site. Any
discrepancy in the measurements would then be
very serious and only remedied at a great expense. In erecting suspension bridges of large span,
in which the distance between abutments has to be ascertained by triangulation, or whafmay be
termed indirect measurements, the centre link of the chain is generally the last manufactured, so
as to leave room for any slight adjustment in the total length which the direct measurement of the
span might render necessary.

Offsets should not exceed 50 ft. or 60 ft. in length, and should invariably be taken at right
angles to the main or principal line. Where great accuracy is desirable, or where a long offset is

taken to a somewhat important object in the survey, the right angle may be laid off by either the
optical square or by the aid of the chain only. Under ordinary circumstances offsets are most
rapidly and conveniently measured with a tape, and the eye may be relied upon to give the right
angle with sufficient precision for all practical purposes. It may be mentioned that there are two
descriptions of tapes ; one is usually known as the metallic tape, and has delicate copper wires or

threads interwoven with the substance of which it is composed. The other kind is a plain linen

tape without any such additional combination. When really good, either of them may be trusted

at any time to half an inch. In using a tape in wet weather, or upon any occasion when it gets
wet, it should never be rolled up until it is quite dry. Winding up a wet tape and laying it by in

its box until it is next wanted, is a certain means of spoiling it. The tape, after being washed,
should be coiled loosely up, and after carrying it for a short time in the open air it will be dry
enough to wind up. The same remark appìies to rolling up a dirty tape.

The same care should be bestowed upon the chain.

Unless a chain is properly put up, the links are liable to

get strained and bent, to say nothing of the smaller space

it occupies and the handy manner in which it can be
carried when nicely packed.

To illustrate the use of offsets in ascertaining the
actual boundary of any piece of ground, or any fence that
may serve as a division between different plots of land, we
select the example, Fig. 7103. Let A B represent a por-

tion of any main line forming one of the sides of any of
the principal triangles laid down in a survey, and suppose
it be required to determine the figure of the fence C D,
the line A B having been plotted upon paper, and the
respective distances along it where the offsets are set off

having been marked either with the fine point of a pencil

\ with a pricker, let perpendicular lines be erected at

ohe.se parts, and upon them the lengths of the offsets laid

toff. The length of each offset will be the distance from
the main line to the fence C D ; and consequently these
distances having been laid off, the end of each offset gives
a point in the fence. If all these points or ends of the
offsets be joined by lines, the shape of the fence or boun-
dary will be determined. The dotted lines represent the
offsets. The example selected in Fig. 7103 assumes that
the main line runs along or skirts the boundary within
the prescribed length for offsets. This should always be
arranged if possible, but it frequently happens that fences
are so irregular as to preclude this ready manner of deter-
mining the position of their different points. Sometimes
a fence will break away suddenly so as to be beyond the
reach of offsets taken from the main line. This case is

represent 'd in Fig. 710i; the course to be pursued under
the circumstances is shown in the diagram. When the distance from the main line AB is too
great to reach the fence by the ordinary offsets, a small triangle must be constructed on the main
line, and offsets taken from its sides to the fence. In the figure the triangle abc enables the fence
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to be got in on the survey. The tie-line b d must not be forgotten, as it serves as a check upon the

accuracy of the work, as already explained. Although extreme accuracy is not generally needed in

taking offsets in the open country, yet in the survey of cities and towns they must be determined
very carefully, as the frontages of houses, the areas of gardens, out-premises, and other buildings,

depend upon the care with which the measurements are made. Eeferring to Fig. 7103 it will be
seen that there is no necessity for taking more offsets than what are sufficient to obtain every
change of direction in the fence, as it is always supposed to lie in a straight line between any two
successive offsets.

The offset staff is also used by surveyors, but is only suitable for offsets of very limited dimen-
sions. It is usually about 6 or 7 ft. in length when the standard chain is employed, but 10 ft. is a
convenient length when surveying with the chain of 100 ft. At one end of it there should be an
obtuse pointed iron ferule with a steel point for sticking in the ground. At the other end there

should also be an iron ferule, but without any point on it. Instead, it should have a strong hook
attached to the side, and of a size large enough to hold in it the handle of the chain, which
renders it useful for dragging it through hedges. Having lined out the length of the offset, the
staff is turned over end for end as many times consecutively as may be required to bring it to the

point to which the offset is to be taken. For this reason the offsets should be limited in length, as

errors accumulate rapidly even with the most dexterous manipulation of the staff. When the
offset is about 50 or 60 ft., the measurement with a tape is far preferable, and in every instauce its

use will be more advantageous than that of the staff.

Measurement of Hills.—In chaining and the measurement of base lines, it has been assumed that

the ground has been level, or sufficiently so to cause no appreciable difference between a truly

horizontal measurement and that taken along the surface. It is seldom, however, that a base line

of any considerable length can be measured, without it being necessary to make some allowance
for the sloping and irregular contours of the ground. The necessity for this becomes more apparent
as the surface of the ground departs from the plane of the horizon, as the greater the angle of

inclination the greater will be the difference between the false and the true, or the inclined and
horizontal measurement. There are various methods of arriving at the true horizontal measurement
of sloping surfaces, and the degree of accuracy to which the survey is to be carried, must in all

cases determine which is to be adopted. It is scarcely necessary to mention that the true distance

will always be less than the apparent one, and therefore, when calculation is used, there will always
be a reduction to be made. An experienced surveyor is able to tell pretty well by the eye, the

allowance to be made in the majority of instances when only approximate accuracy is demanded,
and the question becomes reduced to taking the next measurement or chain's length, not from the
end of the former, but from a point obtained by making the proper allowance. The diagram in

Fig. 7105 will render this operation perfectly clear, but it is one that an inexperienced person will

do better not to attempt to carry into practice. In Fig. 7105 suppose the chain to be stretched upon
the inclined surface of a hill and extend from A to a, but the real horizontal measurement to extend
from A to B. The point B where the chain A a will intersect the horizontal is found by taking A a
in the compasses and sweeping a circle until it touches the horizontal line A C in B. If the line

B 6 be projected at right angles to A C it will intersect the surface of the ground at b, so that the
true distance to be measured along the slope by one chain's length is not A a, but A b. From the
appearance of the slope an approximate estimate can be made of the distance a b, and the next
chain's length is measured consequently not from a, but from the point b, and so on, as often as may
be required. The same process applies to the case of a descent as well as that of an ascent, but
it is invariably more difficult to arrive at a correct approximation of the rate of inclination when
descending than ascending a slope.

7106.

7105

The explanation of the method by which the distance a 6 is estimated will serve to indi-

cate a mechanical mode of arriving at the same result. This latter is preferable when carefully

performed to that given in Fig. 7105. It should not, at the same time, be repeated too often con-

secutively, as small errors creep in at every step. Let A B in Fig. 7106 be the sloping ground
to be measured horizontally. The principle consists in taking up the chain in short lengths and
holding one end vertically over the starting points, while the other is fixed or held firmly down.
In the figure let the surveyor be supposed to stand at A, with the end of the chain held vertically

over the point A by means of a plumb-line and bob. In the meantime the leader has hold of the

twenty-fifth link, which he fastens down in the proper direction at b ; the surveyor then slacks the

end of the chain, advances to the point b, takes up the chain carefully at the twenty-fifth link,

leaving the pin in to mark the spot, and holds it over the point 6, or, in technical phraseology,

plumbs it over the point b. The leader has advanced to the fiftieth link, which he lias fixed at >\

and the operation proceeds in a similar manner to d, and until the summit of the incline is sur-

mounted. The chain must be well stretched between the points at b' c, c' d, in order to render the

deflection inappreciable, so that it is preferable to take short lengths at a time, instead of long ones,

although the former may demand more trouble. The steepness of the slope will also regulate the

distance between the successive points of measurement, as the chain can only be raised a certain
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height by hand, and it is absolutely necessary that it be maintained as nearly horizontal as the

circumstances of the case will allow. If this mechanical reduction of the inclined to the horizontal

measurement be carefully performed, the result will be a very close approximation to the true

distance. Should the hill be very short, the incline may be measured very expeditiously in the
manner described by means of a good tape, provided there is very little wind blowing.

Having described the two approximate methods of reducing the sloping to the horizontal mea-
surement, it now remains to indicate the more exact means of obtaining the same result. It is

hardly necessary to observe that in large and important national and trigonometrical surveys,

approximate methods cannot be employed, but all the operations must be performed with the most
minute accuracy. A glance at Fig. 7105 will point out that there are three sides in the triangle

A6B, one only of which is known. By the rules of proportion, as well as of equations, when one
of these indeterminate quantities is to be determined, two must be given in order to solve the

question. In the triangle A b B, the distance A b is given ; and if B 6 were known, the horizontal

distance could be ascertained, since (A b)2 = (A B)2 + (B 6)
2

, or making A 6 = x, A B = y, and

B = z, we have for the value of AB, y = */(x2— z2
). But Bò is the difference of level between

the points A and b, which can be readily obtained by levelling, as will be shown when treating of

that branch of the subject. If, instead of the distance B 6 being known, the angle of inclination or

the angle BA b were ascertained, the problem could be solved equally readily. Suppose, for instance,

a certain number of feet were measured along the slope in Fig. 7106, from A to B, the correct hori-

zontal measurement of which was A B, but which has to be determined ; let A B = N', A 6 = N,
and 6 equal the angle of elevation BA6. By the rules of trigonometry for solving right-

angled triangles, we have N' = Nx cosine 0, consequently the difference between the horizontal

and the sloping measurement varies as the cosine of the angle of elevation, or, in plain terms, with
the slope of the ground. The difference between these two measurements, or what is called the

reduction, is evidently equal to (N — N'). As an example, suppose N or the distance A b in

Fig. 7106 to measure 100 ft., and the angle B A b 15°, what is the value of the correct horizontal

measurement A B, and of the reduction (N — N') ? By the rule we have

A B = A b x cosine 15° = 100 X • 96592 = 96 • 592 ft.

The reduction, therefore, is equal to 100 — 96*592 = 3*408 ft. The correct distance to be
entered in the field-book from A to b is 96*592 ft., but if there is no necessity for noting the point 6'

on the plan, the simplest method will be to add 3*408 ft. to the 100 ft. already measured, and
commence the next chain's length from that point. In other words, 100 ft. on the horizontal

measurement equals 103*408 ft. on the sloping surface. From the formula and example we have
given, it is readily perceived that tables can be constructed giving the reduction to be made, or the
difference between the horizontal and sloping measurement for different angles of inclination. In
Table I. is shown the number of feet on a sloping surface inclined at various angles that corre-

sponds horizontally to 100 ft. measured along the given slope, and also the reduction to be made for

every chain's length or 100 ft. measured along the slope ;

—

Table I.

Angle of
Slope in

degrees.

3
6

7
10
12
14

Value of 100 feet

measured
horizontally,

99*862
99*452
99*254
98*480
97*814
97*029

Difference or
Reduction.

0*138
0*548
0*746
1*520
2*186
2*971

Angle of
Slope in

degrees.

16
18
20
23
27
30

Value of 100 feet

measured
horizontally.

96*126
95*105
93*969
92*050
89*100
86*602

Difference or
Reduction.

3 874
4 895
6 031

7 950
10 900
13 398

7107.

If the slope continue uniform, and there are not any fences or other objects to be noted in the
field-book, the chaining can be continued as far as may be considered desirable, and the results in
the third or sixth columns given in the Table multiplied by the number of chains measured. The
product will give the total reduction or difference to be allowed for.

The Field-book.—There are but two descriptions of field-books in ordinary use at present, and
one of these is fast becoming obsolete. This latter is about the size of a demy 4to, and in it the
triangles, lines, and offsets, together with the fences, rivers, buildings, and other physical features
of the ground surveyed, are actually sketched. The dimen-
sions are written alongside the various lines and offsets, and the
whole is in fact a mere sketch-plan. The other field-book and
the one to be preferred, consists of an ordinary pocket-book
opening lengthways, with a couple of red lines about f in.
apart, ruled in a longitudinal direction down the centre of
every page.

If Fig. 71 07 represent a field to be surveyed according to
the lines and offsets there laid down, it represents also the
manner in which the measurements and lines would be sketched
out in the first of the two field-books under mention. There
would be in addition, of course, the dimensions of the different
lines, which would be entered alongside of them, or sufficiently close to them to indicate to which
they belong. Judging solely from the small example given in Fig. 7107, this description of field-
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book would appear to leave nothing to be desired; but it is one matter to have to survey a single

field, and another to undertake a duty involving many hundred fields, together with a large number
of buildings. The great difficulty in using a sketch note-book, where the survey is on a large

scale, is to avoid confusion. Omitting all further consideration of the sketch field-book, let us now
pass on to investigate the other description. Eeferring to Fig. 7107, we are required to survey the

field shown thereon, and record the measurements in the field-book so that they may be accurately

plotted therefrom, and the true figure of the field drawn upon paper. In the first place it must be
borne in mind that the field-book is commenced at what would, strictly speaking, be considered

the last page. The object of this is that the surveyor is always looking in the direction of the line

he is going, both in the field and in the field-book. The meaning of stations has already been
explained as those points wherever any of the lines constituting parts of the triangles begin or end.

There are various ways of distinguishing them. "We prefer a small triangle with a dot in the
centre, more especially as it is the same mark used by the English Ordnance engineers for dis-

tinguishing their trigonometrical stations. Commencing at A, the surveyor puts up a rod or pole

at B, or any object already existing there will answer the purpose, provided it is straight and can
be seen from A. After stretching out the chain in the direction of the line A B, he takes his offsets

at the points shown. Beturning to the field-book, Figs. 7108 to 7110, he enters in the space
between the ruled lines the distance along the line where the offset occurs, and
to the right or left of the space the distance in feet or links, according to what
measure he is using, from the line A B to the fence or other object. Ihis dis-

tance constitutes the offset. As the surveyor is advancing from A to B, all the

offsets will be on the left-hand side of the line, and consequently plotted t) the

left of the space in the field-book. On arriving at 208 on the line A B, the end
of the tie-line C D comes in upon the right-hand side of A B. According to

what has been already stated, this constitutes the point 208 a station, and it is

therefore entered as such in the field-

book. The remaining lines and offsets 7108.

are obtained and entered in the same
manner, and the converse of the problem 3 JrorrvC
is to transform the contents of the field-

book into the diagram represented in .\ „ îl09>
Fig. 7107. This is the simplest case

that could possibly occur in surveying,

but although the field-book becomes
rather more complicated where the sur-

vey embraces large estates and towns,

yet if the principle be once thoroughly
understood, the more difficult examples
will give no trouble afterwards.

In the simple case to which reference

has been made, the offsets were all taken
on the same side of the main lines com-
posing the triangle, but there might be ; ^ m ^^^
objects situated on both sides ot those

\ LvwCJ)
lines. If the line, for instance, crossed

a road or fence, there would be part of

it upon the right-hand side and part

of it on the left, and at the point where
the crossing took place the offsets would,
ßo to speak, change from the one side

to the other. There is just one little

detail that has to be attended to here,

which will render the plotting of fences,

roads, and other objects crossed by the
main line of a survey sufficiently intel-

ligible. It must be borne in mind that

the space in the field-book enclosed FromAi
between the two longitudinal lines in

reality is supposed to represeut the main line itself,

and consequently it is advisable not to have a
thickness greater than an ordinary ruled line upon
paper. At whatever angle therefore the line may >.

¿ 7
cross the fence, it will always appear as if it crossed

it at right angles. This is shown in Fig. 7111,
where a fence is represented as crossing the main
line twice ; once at 230 and again at 265. The
direction of the fence, or the angle at which it

crosses, is obtained by the offsets taken on each
side as near the crossing of the fence as may be
convenient. In the figure the offsets at 225, 245,
and 280 determine the direction of the fence with
sufficient accuracy for all practical purposes.

In addition to marking, by means of the station point we have chosen, the positions of the junc-
tions of lines with others, it is advantageous to know in what direction they proceed, without having
the trouble of laying down a number of tie and other lines to determine it. Suppose in changing
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the line A B we run a line from C in the direction C D, and another in the direction E H, it is well

to know when marking off the points C and E upon paper, on what side of the perpendicular line

those lines respectively lie. Let Fig. 7112 represent the portion of the field-book belonging to Fig.

7113 in which the distances C and E correspond to 350 and 700 ft. respectively upon the main line

A B. The direction of the lines C D and E H is indicated by affixing a little arrow to the station

point, pointing to that side of the right angle upon which the end of the lines is situated.

A

7113.

700

350 z*

7114.

24- I6Q
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2o\7
30

r 60

O's 35

A

7115.

<Z&

Whenever a fence makes a bend at right angles to the main line there are evidently two
offsets to be entered in the same line. In Fig. 7114 let the fence bend as shown. Then it is

optional whether the first offset be written by itself and the second along the bend, and the total

distance to the outer line of the fence be regarded as the sum of the respective distances, or whether
the offsets be written instead of 7 and 8, 7 and 25. In the latter case the outside offset, 25, is the

total distance to the extreme point of the fence. There is a convenience in making the outside offset

represent the total distance, arising from the fact that as the tape is already pulled out for the first

measurement, it is only necessary to pull it out a little further to obtain the second, and the two are

thus really got at one operation. In the other case, where they are entered separately as distinct

offsets in the field-book, the tape must either be rolled up, after taking the first offset, and pulled

out again to measure the second, or a mental subtraction of the one offset from the other made to

obtain and enter them independently. Mental calculations should where possible be avoided in the

field, as there is no check upon them, and it is sometimes very difficult to remember afterwards how
they were arrived at. To ascertain the position and dimensions of a house or building as in Fig.

7115, it is only necessary to take offsets at each end, the length of the house being given by the

distance along the main line they are situated apart. Although this is sufficient if correctly done,

yet a very little error incurred by not measuring the offsets, especially if they be long ones at right

angles to the main lines, might make a serious difference in the actual length of the building. Let
us suppose that the position of a house is accurately represented in Fig. 7115, with respect to the
main line C D, by the offsets from E and H being correctly taken at right angles to C D. But if the

offsets were, as they might easily be through carelessness, taken in the directions of the dotted line,

then the house would occupy the position shown by the dotted lines, and its length would be
increased about a third more than the actual dimension. The proper way is to first take the offsets

in the ordinary manner, and then measure the building all round. This is the more necessary, as in

country districts buildings are not always constructed square, and frequently there is a very appre-

ciable difference in the length of the back and front. Should a building, with a number of outhouses,

such as barns, sheds, cow-houses, and other descriptions of rear premises, be enclosed by a fence or

wall, it will be found a simpler and preferable plan to take the offsets only up to the enclosing wall
or fence, and make a separate survey of the area and buildings within. In an extensive survey, also,

it is the usual practice to first measure the main lines without taking any offset whatever. They are

then laid down upon paper, and if the survey close, that is, if they agree both in length and
direction, and the triangles also, they are then chained over again, and the offsets taken in the
ordinary manner. The reason of this manner of proceeding is obvious. As it is always possible

errors may occur, let us suppose a base line a couple of miles in length measured, and the position

of objects in its vicinity determined in the ordinary manner by offsets. Now upon plotting the

triangles, it is found they will not close, and consequently some errors have been made. Upon
examination, it is discovered that the position of the above line is wrong, that it has, in fact, been
incorrectly ranged. The result is, that the whole of the time and labour expended in taking the
offsets is lost, and the only thing to be done is to draw the pen across the pages of the field-book and
start afresh.

Traverse Surveying.—A traverse is the survey of a polygonal figure commencing at any given point,

and terminating at the same. In tracing this circuitous route it is necessarv to measure the lengths
of the sides, and also the angles between them, before a plan of it can be laid down. Beferring to

the lines in Fig. 7116, let a survev be required of the area contained between the stream and the
road. Set out the lines AB, BÖ, CD, . . . . NA; measure the lengths of the sides and the
angles, and it will be evident that the figure may be laid down on paper. The method of procedure
in the field is as follows ;—Starting from a point at which observations can be made on surrounding
objects, as at A, set out the lines A a, A O, A B, and plant the theodolite at A. Clamp the limb and
vernier-plates at 300°, or zero, and turn the whole instrument round until the magnetic needle li°s

over the north and south line N S, and clamp it firm in that position. Release the vernier-plate
and bring the telescope to bear consecutively on A a, A O, A H, A P, A E, and lastly on A B,
clamping the vernier-plate each time ; having carefully entered at station A all the angles made by
the above lines with the magnetic meridian, and having both clamps firmly fixed, the last reading
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being with the telescope bearing on A B, remove the instrument to B, plant it at this station, and
carefully level it. Release only the clamp-screw of the limb ; the vernier-plate must not be dis-

.116.

turbed, or the operation will have to be repeated. Now turn the theodolite bodily round, so that
the telescope reversed may bear on A, where a man must be left to hold a flag-pole, clamp the

limb, and perfect the contact by means of the slow-motion screw S, and examine the readings of

the verniers to see that no disturbance has taken place. A few words are now required with
regard to the telescope being reversed. This operation places the horizontal limb and the verniers

in the same position, with regard to the magnetic meridian, as that which is occupied at A. If, for

instance, at A, the bearing of A B was 31° east of north, by doing as directed the theodolite is

similarly placed at B, with the same vernier still pointing 31° east of north, and it is the second
vernier, lying diametrically opposite, which now points towards A, and reading on the limb
31° + 180° = 211°. Release the upper or vernier plate, and turn the telescope round to bear on C ;

clamp the instrument ; read both verniers to get the mean of the bearing B C, which is here
96° 5'

; now move the theodolite to C, release the horizontal limb, turn the instrument bodily round
to B, clamp and release the vernier-plate, turn the telescope round to D, and clamp. By reading the
angle the bearing of C D is obtained, which here is 30° 5'

;
proceed in the same manner at

D, E . . . M, O, at which station, when the back-sight is fixed on M, and the telescope reversed

towards A, the verniers should give exactly the same angle as was read off at A. with the telescope

bearing on O ; and this because O A marks the same angles with the meridian N' S" that A O does
wTith the magnetic meridian N S. If it be so, then the angles have been correctly taken ; if other-

wise, then their difference is the error committed. Besides taking at A the bearings of A O and
A B, those of A a, A H, AP, and A E have been also taken. The bearing of A a was taken in

order to get in the bit of road beyond the bridge, and to show the position of such road in con-

nection with the lands surveyed ; and also in case the survey has to be extended in that dinc^tion,

as then the instrument would be planted at station a, and the back-sight fixed on A, in the
same manner as directions have just been given for doing at B, C, D. With regard to the
bearings of A H and A E, they are taken here only as checks on the work as it pn coeds, for it

will be observed that E A makes with the meridian N" S" at E the same angle west, that A E
at A makes east with N S. These observations have equal weight with regard to tho bearings
AH and HA. The points H and E have been selected at the other end of the survey, and
of which full view could be had from A ; otherwise any other points, as F, G, or I. would have been
taken if convenient. As regards the various bearings on P, let it be observed that these are checks,
for if there is any error, these bearings will not intersect at P, when the work is plotted and the
bearings AP, E P, G P, are laid oft' with the protractor. It is necessary that they be taken on
some object in a commanding situation, such as may be seen at least at several pointe. Judgment
is required in selecting such points, as they may often be very useful to chain upon in ordì r lo lili

in interior work, as fences and buildings. On an extensive traverse this should particularly be
kept in sight, as it prevents the necessity of having again recourse to the instrument when tilling

in. It is to be observe d that in Fig. 7116 the stations in the road are all shown as in the centre of

it; but this has merely been done to avoid confusion, and not to be followed as a rule. On the
9 c 2
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Ï1V 7118

contrary, it is to oe avoided, inasmuch as all these stations require to be carefully marked, either by

drivino- a picket or making some other mark, which is often very awkward to do in the centre of

a road. The stations should therefore be placed somewhere near the road-side, but so that the

theodolite can be readily set up. The traverse being thus set out, the sides are chained and the

offsets taken in the usual manner. With regard to the magnetic needle, care is required lest it is

affected by any local attraction ; but by following the above method there will be opportunity to

observe this at each succeeding station, as the back angles with the meridian are equal to the

forward angles.

There is a considerable advantage in taking from the starting point A such bearings as AH
and A E, for it subdivides the larger polygon into smaller ones, as in Fig. 7116, where the figure

A B, B C . . . O A is subdivided by the above bearings into the smaller polygons A B, B C . . .

E A, and A B, B C . . . H A ; we are thus enabled to check the work as it proceeds ; for in the

same manner the three angles of a triangle are equal to two right angles, and the four angles of a

four-sided figure are equal to four right angles
;

so all the interior angles of a polygon are equal

to twice as many right angles, minus four, as

the figure has sides. The proof of this may
be seen in Figs. 7117, 7118. In the first, let

the polygon ab, be ... ko, he divided into

triangles, by drawing lines from each angle

of the polygon to any point in the interior of

the figure; then because the three angles of

a triangle are equal to two right angles, we
shall have twice as many right angles as the

figure has sides, for there is a triangle for

every side, and all the angles formed by the

lines intersecting are together equal to four

right angles ; subtracting these, we shall have
for remainder twice as many right angles, less

four, as the figure has sides.

In Fig. 7118 from any point a in the polygon draw lines to each of the remaining angles, as a c,

a d. The polygon will thus be divided into as many triangles as the figure has sides, minus two,

for there is only one triangle for each of the two sides ab, be, and a i, % k ; and one triangle for each
of the remaining. In any case, therefore, multiplying 180° by the number of sides of the polygon,

minus two, will give the interior angles of the polygon. Thus in Fig. 7116, where the polygon has
thirteen sides, all the interior angles will be equal to 180° x 11, or to 90° x 26 = 360°. In the same
manner the angles of the polygon A B, B C
and the angles of the polyglon A B, B C

E A = 180° x 3, because the figure has five sides ;

H A = 180° x 6, the figure having eight sides. The
rules often given to find the interior angles of the polygon lead rather to confusion than anythiug
else. The simplest way is to carry a small semicircular protractor, about 3 in. in diameter in the
poeket, and plot the bearings in the field-work, merely writing in the degrees and minutes inside the

several angles ; or even to sketch in two lines, at right angles to each other, for the magnetic meridian
and the east-west line, and sketch in the bearings as the work proceeds. Many surveyors sketch
or roughly plot a traverse in a field-book, quarto size, but it is very inconvenient in wet, stormy
weather, when time presses and the work must go on.

Plotting and Plan Drawing.—In plotting a survey, or drawing the plan, a good deal of latitude is

permitted to the draughtsman with respect to the manner in which he may fill in the details. The
first point to decide is whether the plan is to be coloured or not. As a rule, plans should always
be coloured, not merely for the sake of appearance, but for the purpose of displaying the character-

istic features of the ground. It will be assumed in future that the plans for which we are about to

indicate the proper methods of delineating their respective features will be coloured.

The commonest and yet the most important objects represented in plans, are buildings, including
ordinary dwelling-houses, churches, chapels, outhouses, and many others of a similar descrip-

tion. Some of these have a particular outline, but they may be all filled in, as represented, in their

different ways. It is frequently not of any importance to ascertain the exact shape or size of a
house situated near to the main line of a survey, and all that is necessary is to determine its actual
position. In this case it is represented by one of the two forms Figs. 7119, 7120, and it may be
idled in according to one of three methods. Although the plan be coloured, yet a house or building
may be what is termed hatched, or crossed over with lines drawn in Indian ink, as in the
figure. Tf this method is employed, it should always be borne in mind that the lines should be
drawn to a constant angle in every building delineated in the plan, or otherwise a most unpleasing
effect will be produced by the want of uniformity. The angle may be either 60° or 45°. These
are the most convenient angles to use, as the ordinary set squares are made to them. It is, never-
theless, preferable to colour the buildings in a plan, and the conventional colour is carmine.

7119. 7120. 7121.

7122.

Buildings may also be coloured with a flat wash of Indian ink, but, strictly speaking, this wash
should be confined to the outhouses in connection with dwelling-houses, and indicates an inferior
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description of structure. This distinction is maintained in the coloured plans of the Ordnance
1

maps, which are drawn to the enlarged scale of —— , and is one which is of considerable import-

ance in surveys of land where it is in contemplation to run a line of railway or lay out other large
works. As a familiar example, take a farm-house, with its adjoining barns and outhouses. The
dwelling-house it-elf is to be coloured carmine or lake, and the surrounding smaller erections in
Indian ink. Churches and chapels are represented in the same manner, but the former have the
outline shown in Fig. 7121, and the latter that in Fig. 7122 . Windmills, water-mills, forges, glass
and iron works, have also their characteristic conventional sign. Eoads of various degrees of
importance as routes of intercommunication are tinted burnt sienna, or, what answers better, a
mixture of that colour and yellow ochre. A bright yellow, such as gamboge or King's yellow,
should never be employed. It should be carefully borne in mind that a plan should never be
coloured, but tinted. In delineating roads they may be divided into two classes fenced and
unfenced roads. The former are represented by hard lines, and the latter by clotted ones. A
turnpike-road is shown in Fig. 7123, a cross or second-rate road in Fig. 7124, and a railroad in
Fig. 7125. Sometimes a railroad is shown by a single thick black Ime, and it is always thus
represented in the parliamentary and contract plans of any proposed line. On the Ordnance
map it is shown as indicated in Fig. 7125, and it is preferable so to delineate it, as a thick black
line is not in itself sume¡entry distinctive. There is one more distinction which it is necessary to
observe in the case of roads, and that is, when they are raised over or sunk under the natural sur-
face of the ground, in other words, when they are embanked, and when they are excavated. A

7123. 7125.

7124.

7126.

plan and transverse section of both are shown
in Fig. 7126*, which need no further descrip- 7126*.

tion. It is scarcely necessary to make any
^^tifflnTfllOTli llilliillW

remark respecting rivers, lakes, streams, ponds, —-trtfilil^ikVAijiULuuU/Ju lülíuuáÜUtJASannnn»^

the banks. Instead of using a wash, the same
effect may be produced by lines drawn with
Prussian blue, but for the reasons already

a lock is placed, is represented in Fig. 7126.
'
s;ilì^ÌÌMEElMBW^WÌ Ŝf^'

When it wiU not interfere with the other
^ *=

lettering upon a plan, it is always as well to

write the word look alongside its representation, as it is thus indicated to those who are not profes-

sional men, and may not be acquainted with conventional signs.

It is undeniable that to a professional eye at least a good plan is self-explanatory. If all the

objects are properly and accurately delineated, the conventional tints strictly adhered to, and a cor-

rectly divided scale appended, nothing more is required to enable an engineer or an architect to lay

it before him, and comprehend the whole of it at a glance. Accuracy and clearness are the two
essential points to be borne in mind in the preparation, not merely of plans, but of drawings of any
description whatever. It is of the greatest importance to define with all possible precision the various

kinds of boundaries or lines of demarcation existing between different portions of land and territory.

There are a very large number of boundaries and a corresponding number of conventional signs for

individually representing them. For instance, there are parish boundaries, county, union, hundreds,

wards, boroughs, liberties, and some others which are pretty nearly extinct at the present day.

The two boundaries most commonly occurring on plans ¡ire those of parishes and counties. They
are represented respectively in Figs. 7127,7128, and consist simply of a succession of short straight

lines separated by spaces. It is easy to perceive that if

carelessly executed, they might readily be mistaken for each ï 127 -
7l2S -

other, and it is not an unusual circumstance for such tobe — ———————
the case. To avoid the occurrence of this it is only neces- „,.„„... 000
sary to bear in mind that the lines delineating the parish

boundary are smaller and thinner than those representing i n i

that of a county ; and, what is of still greater importance, 7129.

they are equal in length to the spaces between them. In
addition to properly "delineating these boundaries, it is advisable to write alongside them their

names, but this should only be done once, on some convenient part of the map or plan. Boroughs
are usually divided into two separate classes, under the heads of parliamentary and munie inai

boroughs. The former has its limits denned by small circles, Fig. 7127, and the latter by black dots,

Fig. 7128. It sometimes happens that the same limits may be the boundaries of several different

descriptions of properties. Thus a fence, for instance, might be the boundary of a parish, a parlia-

mentary, and a municipal borough. In such a case the delineation of it would consist of a joint-
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7130.

tJ C 4v_Jv^
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representation of all three, as shown in Fig. 7129. So also for a combination of any other
boundaries which are plotted after a similar fashion.

Unless other wise stated on the plan, a hard line denotes a fence or a boundary between the two
portions of land upon each side of it. Ordinary fences are represented by a hard line, and when of

stone a distinction may be made by drawing the latter iu red. Some judgment must be exercised

in usin« this colour for the purpose. If the plan has other red lines upon it showing proposed

alterations of the existing features of the ground, such as alterations of the course of rivers, or of

the direction of roads, which are always represented by red lines, it will be better to draw the stone

fences in black, and thus avoid all chance of confusion. In Fig. 7130, suppose ABCDto represent

the existing course of a river which it is intended to alter and improve by getting rid of the two

elbows in it. This would be effected by making the new cut E F G H shown by the dotted lines.

On the plan these dotted lines would be drawn in red, and sometimes the portion of ground

include 1 within them is coloured with a light wash of the same tint. Occasionally the lines are

simply dotted, as in Fig. 7130, but it is preferable to draw them in red, as the distinction between the

existing features of the ground and those

resulting from the proposed alteration is at

once apparent. The manner in which exist-

ing works will be affected by those proposed

to be executed cannot be shown too clearly

on the plan. The usual method of indicating

the crossing of a road or stream by a bridge,

is to draw a couple of hard lines across them,
and leave the space between them which
equals the width of the bridge, uncoloured.

At the same time, each bridge, according to

its type of construction and the material of

which it is built, has its proper conventional

delineation. Stone and timber bridges are

drawn nearly alike ; the former being dis-

tinguishad by bsing drawn in red lines, or,

if the scale of the plan admit of it, the walls

may be lightly tinted of the same colour. A
wooden bridge is also distinguished from a stone as well as from an iron one, by having lines drawn
closely together across its width to represent planking. The correct manner of plotting an iron bridge
is given in Fig. 7131 to the left. A suspension bridge is shown to the right of the same figure, the
distinguishing characteristics, namely trie suspension chains, are too clearly defined to allow of

any room for doubt respecting the individuality of the structure. A drawbridge is shown in the
centre of Fig. 7131.

Enlarging and Reducing Plans.—Of the several methods by which these operations can be effected,

that of squares is the most accurate. This consists in covering the original drawing with a complete
network of squares, and the copy with a similar network, having the sides proportioned so as to

suit the different sizes of the two drawings. Proportional compasses are also used for the same pur-

pose, and so are the Pantograph and Eidograph. Enlarging a plan is a more difficult operation than

the reduction of one. The large plans of the Ordnance Survey drawn on a scale of ¿r^rn were reduced

to the scale of 6 in. to a mile by photography. The details of the plans so reduced are after-

wards traced on copper plates on which the stations have been previously plotted by the lengths of

the sides of the triangles. The only method of reproducing any plan or section with complete
fidelity is to plot it over again upon the scale which is required.

Levelling.—Surveying may be regarded as the horizontal, and levelling as the vertical measure-
ment of ground, and, in the majority of instances, they are closely connected together. Equally
important as the horizontal delineation of the ground is its correct vertical representation. Level-

ling may therefore be regarded as that art by which we arrive at an exact knowledge of the

superficial configuration of the earth above and below any fixed datum. Thus, for example, if the

datum assumed is Trinity high-water mark, the height of any point above, or the depth below it, is

usually recorded in feet, and decimals of a foot. This is shown in Fig. 7132, where L L represents

the line of high-water mark, and the heights of the several points ABC D are marked in feet, and
decimals of a foot. Upon the whole, the best instrument for an engineer or surveyor is the Dumpy,
or Gravatt's level. The simplest case of levelling that can possibly occur, is that in which it is

7131.

required to ascertain the difference of level betwe-n any two points which can both be seen without
shifting the instrument. Supposing the two points to be sufficiently near to be within the optical

powers of the telescope, the possibility of ascertaining their difference of level by" one setting up of
the instrument will altogether depend upon the amount of that difference. Fig. 7133 will render
this clear. Let it be required to determine the différence of level between the points M and N.
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Set up the instrument at A, and take a reading on the staff at B, which put equal to 2*10 ft. Now,
if the distance of N from M be not greater than what can be seen by the tek ¿cope, turn the level

round on its axis, and take a reading on the staff at C, which make equal to 5 "So. Bearing in

mind that both B C and M F are horizontal Lines, it is evident that the difference of level between
the two points M and N is equal to the height FN. But F N = C N - C F and C F = B M.
Consequently F N = C N - B M. But by the readings C N = 5'35 and B M = 2'10

; therefore

FN or the difference of level between the two points M and N = 5 35 — 2 10 = 3*25 ft.

It is easy to perceive that when the instrument is once set up and adjusted for levelling, its range
of action in that one position is limited. For instance, referring to the diagram with the instrument
planted or set up at A, it cannot read a staff placed on any point of ground above the dotted line

D K. If it were therefore required to ascertain the difference between the points M and E, it could

not be done with the instrument placed at A. The instrument would either have to be shifted

between the points N and E, after taking the first reading at B and C, or placed upon some higher
ground, which would enable readings to be taken directly upon the staff placed first at one point and
then at the other. This will be more fully explained when we treat of ascertaining the difference

of level between several points, or what is usually termed making a section. The readings are classed

under one or other of two titles. They are either back-sights or fore-sights. They have not necessarily

any reference to the direction in which the section is taken, but the back-sight is always taken before

the fore-sight. In some instances, where intermediate sights are taken, each fore-sight becomes a
back-sight to the next fore-sight, as will be explained in its proper place. In the diagram, BM is the

back-sight, and CM the fore-sight, and from them the following universal rule is deduced. When
the fore-sight or the sum of the fore-sights exceeds the back-sight or the sum of the back-sights, there

is a fall from the first point to the last, and when the contrary occurs, there is a rise between the

same points. In this instance, C N is greater than B M, and consequently there is a fall, or the

point N is lower than the point M. The maximum difference of level, either rise or fall, that can
be observed at one setting up of the instrument cannot exceed the total length of the staff. Let us
suppose in Fig. 7134 that the reading taken at A is exactly at the zero of the ¡staff, and that the

reading at D is exactly at the top line of the

graduations of the staff, then the difference of

level between A C equals the precise length of

the staff. If the point C be situated lower down,
it is evident that the top of the staff would drop /~*^^x^ ==a--

below the dotted line, and no reading could be " ^ ^-^^^/[\
observed. It is barely within the limits of pos- -1

^

sibility that, in practice, two readings would be
obtained of which the one would equal zero, and
the other the exact length of the staff, but the
illustration is given to show the maximum difference of level that it is just possible to ascertain

without shifting the instrument. Besides this, it points out that the setting up of the level is not a
matter of hazard or mere chance, but should be regulated according to the position of the points of

which the level is required. The more experienced and skilful a surveyor is in selecting the spot

where to plant his instrument, the more rapidly will he get over the ground. By setting up the
instrument in the most favourable spots he obtains a greater range of the staff, and thus diminishes
the number of times of planting the level which would otherwise be necessary. Nor is this all.

The chances of errors creeping in are in direct proportion to the number of times the level is shifted

between any two points, so that by reducing this number to a minimum, the chances of error are

also minimized.
It has been assumed in the three diagrams to which we have drawn attention that the dotted

lines were horizontal, and so they will be when the instrument is correctly adjusted. The correct

horizontal of the dotted line A D in Fig. 7134, or the similar ones in the other two diagrams,
depends, other things being equal, upon the correct adjustment of the line of collimation. See
Surveying Instruments.

Having briefly described the simplest case that can occur in levelling, which consists of taking
merely a couple of readings of the staff, we once more pass on to the general case. This includes

the ascertaining of the difference of level between any number of points. These relative heights

may or may not be referred to any one common point as a datum. As a rule, they are so referred,

although it is not absolutely necessary, either for accurate levelling or accurate plotting. Supposing
therefore all the points which indicate the respective levels of the different parts of the ground to

be joined by lines, the result is a section, or a representation of the vertical inequalities of the
ground. In the section relating to surveying, regarded in connection with Ihe horizontal delineation

of land, attention was directed to the fact that the field-book might be kept in one or two different

ways. So it is with levelling. The level-book, as it is now termed, may be also kept, and is kept

in a slightly different manner. Military engineers, moreover, keep their level-books on a system
differing somewhat from that of civil engineers. There is no actual difference, so far as principle is

concerned, in any of the methods employed, but, nevertheless, when a level-book, reduced according

to one system, is put into the hands of a person accustomed only to another, he finds some difficulty

in deciphering it and plotting a section from it.

One page of the level-book is usually occupied with the columns, and the other reserved for

remarks and such memoranda as it may be necessary to note during the taking of the levels in the
field. Sometimes the disposition of the columns is altered. Thus, for instance, the columns of rise

and fall are in some books put between those of back and fore sights, but this is a point of no
importance whatever, as it is easy to fall in with the arrangement of the columns, and reduce the
book with equal facility after a little practice, in whatever manner the relative columns may be
disposed. Let us now examine a little into the fie'.d book or level-book gives in our example. The
datum to which the levels are reduced is assumed to be equal to 100*00, a very ordinary aud
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convenient assumption. The reason of adopting that figure will be explained as we proceed. It is

supposed therefore that the first reading is taken on the heel-post of a gate, which is termed a
bench-mark, and usually denoted by the letters B. M. This is entered in the column of back-sights
as 11-56. At a distance of 100 ft. from the B. M. another reading is taken upon the staff, and
entered in the column of fore-sights as 4 -69. Let it be supposed now that it is required to move or
shift the instrument beyond the distance of 100 ft., so as to get fresh back-sight upon the staff at
the same place where a fore-sight was previously taken. The important point now is to be sure
that the staff-man, in turning the back of the staff round, does not alter its position with respect to
the spot it is held on. Inattention to this particular will completely vitiate the whole section, and
render accurate results impossible. Returning to the field-book, the next back-sight will be entered
as 6-40, the next fore-sight as 10*72, and so on until the section is finished. The distances are
entered in their proper column, opposite the places where the corresponding readings of the staff
are taken.

The simplest description of level-book, or that in which the minimum number of columns is

required, is represented in the annexed form in Table II. ;

—

Table II.

Back-sight. Fure-sight. Rise. Fall.
Reduced
Level.

Distances.

*

Remarks.

11-56 # # # # .. 100-00 B. M. on heel-post of gate
, , 4-69 6-87 # # 106-87 100
C-40 10-72 i 4-32 102-55 200
315 7-19 # , 4-04 98-50 300 In front of house.
7'25 2-40 4-85 # t 103-36 400
8-10 5-16 2-94 4 t 106-30 500
7-03 5-23 1-80 . m 108-10 560
11-44 2-91 8-53 f , 116-63 600
511 13-24 8-13 108-50 645 On coping of wall of chapel.
8-19 4-65 3-54

, , 11204 700
7-81 1112 , , 3-31 108-73 780
0-60 9-48 # , 8-88 99-85 800
5-64 7-08 1-44 98-41 900 On edge of stream.
12-70 333 9-37 107-78 1000
4-15 9-80 •• 5*65 102-13 1100

99-13 97-00 37-90 35-77 2-13
97-00 35-77

2-13 2-13

Reduction of Levels.—Having entered all the readings, and finished what is called the field-work,

the next step is the reduction of the book, or the arithmetical checking of the operation. This
check must not be confounded with that which is known as checking the levels, which will be
referred to in its place. The first thing to be done is to subtract the lesser readings from the
greater, and enter the results in the respective columns of rise and fall, remembering that when
the fore-sight is greater than the back-sijjht, there is a fall, and a rise in the reverse case. This
being accomplished, the whole columns of back and fore sights should be added up, and the lesser

subtracted from the greater, the difference being entered as shown in the example we have selected.

Now let the columns of the rise and fall be treated in a similar manner, and if the arithmetic be
correctly performed, the difference will be exactly equal to that already obtained in the former
columns. It is just possible that there might be a compensating error of the same amount
introduced in these two processes, which would consequently not be apparent, and thus the check
would be invalid. A third column is therefore required, which would render this balancing error
apparent. This is found under the head of reduced levels. By adding to the datum the succes-
sive rises and subtracting the falls, the differences between the last reduced level and that datum
should equal the difference already obtained. When the three operations check, it may be relied
upon that the arithmetic is correct, and the book reduced accurately. It must be borne in mind that
all this must be done before any of the section is plotted, or otherwise it would have to be drawn
over again if any errors were detected. In some level-books there is a column for intermediate
sights, but it will be seen presently that it is not necessary. An intermediate sight is one taken
in the first instance after a hack-sight, and is in fact a fore-sight, but it differs from a fore-sight,

properly so called, inasmuch as the instrument is not shifted, and no second reading is taken at the
same place, to serve as a back-sight for the next forward reading.

It has been mentioned that intermediate sights might be regarded in the light of fore-sight?,

provided they were treated as back-sights for the next reading. In the terms fore-sight and
back-sight, it must be borne in mind that they have not necessarily any connection with the
position of the telescope at the time of reading them. To some extent they are, in this respect, a
misnomer, and are only strictly correct when one sight is taken on one side of the instrument, and
the oilier with the telescope reversed on its bearings.. The field-book employed when a column is

given to the intermediate readings is reduced in the same manner as that described for the other form.
In Fig. 7135 suppose the instrument be set up as represented in the diagram, and a reading taken



SURVEYING. 2969

off the staff at A, and entered as 13 • 20 in the column of back-sights. If another reading be taken at
B, and the instrument be not shifted until after another reading has also been taken at C, then the
reading at B is an intermediate sight, and is entered in the proper column as 5 40. The reading at
C is the fore-sight proper, and is entered in its proper
column as 8*20. An intermediate sight is therefore,

as in fact its name implies, a reading taken anywhere
between the readings of the back and fore sight. It

follows, as a corollary from the above, that when the
instrument is set up, the first sight taken can never
be an intermediate, nor can it ever be the last reading
before the shifting of the in&trument. A glance at

the diagram will indicate that the position of the staff

with respect to the instrument, has nothing whatever'
to do with the character of the reading taken on it.

Thus it is evident that, speaking generally, any number of readings might be taken between the
point A and the point D, where the instrument is placed. All these would be intermediate sights, and
entered in the level-book accordingly. The entries in the level-book have therefore no connection
with the actual positions of the staff and instrument at the time the sights were taken. It is true
that in order to plot the section, the distances at which the sights are taken are noted, but this gives
merely the total distance from a starting point, and, by subtraction, that between any two sights.

"What is to be observed is, that there is no clue to the exact position of the instrument to be deduced
from the level-book. There is, however, an approximate clue readily obtainable by inspection. For
instance, on referring to the copy of the field-book, it will be seen that after the fore-sight 8 '20 was
entered there is a new back-sight of4*30. The position of the staff at the former reading was 100 ft.

from the starting point. The position of it at the reading of the next fore-si°:ht is 6*50, and its

distance 200. Consequently, as the level was shifted after reading 8*20, it must have been set up
somewhere between 100 and 200 ft. from the starting point. The reading 10 '70 of the intermediate
sight is of no use in determining the position of the instrument, for although its distance is entered as

150, yet the level might have been set up at 130 or 170 without affecting the character of the sight.

Eeferring to Fig. 7135, the reading 10 '70 might have been taken between the points A and D, or D
and C.

There are various other descriptions of level-books used, but we shall only mention one more. It

is very similar to that already given, only it has a separate column for the height of instrument.

Sometimes this column is substituted for that of intermediate. Those who are practical levellers

are aware that it is impossible to get a sight very close to the instrument by looking in the
ordinary manner through the telescope. When the object becomes situated very close to the object- :

glass, the focus cannot be adjusted for distinct vision. Under these circumstances the usual plan is

to run the eye along the outside of the telescope, and note the reading accordingly. When the staff

can be seen through the telescope, although not sufficiently clear to distinguish the figures or marks
on it, a reading may be obtained by causiug the staff-man to run his finger up and down the staff

until it comes within the range of the cross wires, when the reading can be afterwards ascertained by
the naked eye. Let us now examine into the object of making a column in the field-book for

recording the height of the instrument, and find out the advantages of so doing. It is nothing more
than taking a reading at the point where the level is set up. The height of the instrument is obtained

by measuring accurately the height of the centre of either the object or eye glass from the ground and
entering it in the column. The distance of the instrument is also recorded, so that not only is there

an additional reading obtained by this method, but the position of the instrument is also accurately

determined. This latter detail is sometimes of importance in checking levels when mistakes have
been made, and bench-marks are rather far apart. If it is known that the instrument was set up at

such and such a spot, it is easy to tell by the eye that it would have been impossible to obtain

certain readings of the staff placed at another known point. It may be here observed that if a level

is suspected of being out of adjustment, the errors that would arise in consequence, may be neutralized

by placing the instrument exactly half-way between the back and fore sights. In fact, wherever
great accuracy is required, this precaution is invariably taken, although the instrument may be in

perfect adjustment. One reason for pursuing this course is that it renders unnecessary the taking

into account the questions of refraction and the influence of the sphericity of the earth upon the

readings. In ordinary levelling these questions are disregarded, but it sometimes becomes m cessary

to take them into account. The errors that, if neglected, they would give rise to in levelling opera-

tions, on a scale similar to that carried into execution by the officers of the Ordnance Department in

the great trigonometrical survey of the kingdom, dwindle down into insignificance when the object

in view is simply the laying out of the route of a railway or canal. So far as these errors anil their

causes are concerned, the climate and the condition of the atmosphere possess considerable influence.

Anyone who has levelled on a very hot day, with a bright glaring sun shining, must have noticed

the peculiar appearance the readings sometimes assume, aud how difficult it is to adjust the focus of

the eye-piece so as to be sure to have no parallax at different distances. That it is 1 y no means
an uncommon affair for even experienced professional men to be out in their levels under certain

circumstances, is demonstrated by the Suez Canal. The levels of the two seas which it now unites

were ascertained by several parties of engineers, who all disagreed in their reports. Seni' main-
tained that the difference of level was very considerable—so considerable as to be fatal to the union
of the waters, while others said the difference was inappreciable, which has binée proved to be tho
case.

Coi-rection for Curvature.—The two errors incidental to levelling are those arising from the
curvature or sphericity of the surface of the earth, and from the peculiar nature oí the medium or

atmosphere by which it is surrounded. The error resulting from the curvature of the surface

of the earth arises from the fact that horizontal lines are not level lines. A s rietl leveyl line is



2970 SURVEYING.

one in which all the points are equidistant from the centre of tbe earih. From this definition it

will be at once perceived that a horizontal line cannot De a level line, since the point at which it is

a tangent to the earth's surface must be nearer to the centre of tue earth than

any other point in its direction. So much is readily comprehensible, but for *136.

the illustration and proof of the error we must refer to Fig. 7136. In the

diagram let BD be any portion of the surface of the earth, A D a horizontal

line representing the line of sight of the telescope of the level, and tangential

to the surface of the earth at D, and O the centre of the earth. The points D
and B are clearly on the same level, whereas B and A are not. But A appeals

to be the level of the point B, as seen by the observer at D. Consequently the

difference between the true and apparent level of the point B is the distance AB.
This distance is therefore the measure of the error due to the sphericity of the

earth's surface, commonly called the error due to curvature. It is also called

the correction for curvature.

It remains to calculate mathematically the value of A B, which is an unknown quantity, in

terms of those which are known. By the proposition, AD is the distance, or length of the sight,

practically equal to the arc BD and the chord BD; CB and CD are radii of the earth. From
the 47th prop, of the first book of Euclid we have A

C

2 = A

D

2 + C

D

2
. But AC = (A B + B C),

consequently (A B + B C)2 = A D2 + D C2
. But B C =D C ; therefore (A B + D C)2 = A D2+ D C2

.

Expanding, we obtain (A B2 + 2 (A B x D C) + D C2
) = A D2 + D C2

, and equating, the formula
becomes AB2 + 2ABxDC = AD2

. The value of A B by this equation would be represented
AD 2 b

by A B2 + A B = —^ , which is a quadratic equation of the form x1
-f- a x — — . The

Z X xj \j C

formula is, however, very much simplified by making an assumption very common in mathematical
demonstrations. A glance at the diagram will point out that A B must always be relatively very
small compared with the radius of the earth B C. The square of A B will be still smaller, and it

A D2

may therefore be neglected in the calculation, and the equation becomes AB = —

—

:
• Or

2 x DC
A D2

putting D for the diameter of the earth, A B = — . Bearing in mind that the denominator of

the friction is a constant, the correction for curvature is proportional to the square of the
distance, a law which is applicable to numerous other instances besides that under consideration.
A simple rule for the difference of level is that the correction for the curvature in feet is

equal to two-thirds of the square of the distance in miles. This rule is readily deduced from
A D 2

the formula AB= - =r , for expressing both the numerator and denominator in feet, and taking

5^80
A D equal to one mile, A B = ~-- — nearly

7916
?•

Correction for Refraction.—The next cause of error will now be investigated. It will be seen
hereafter that as they tend in some degree to neutralize each other's effects, they will have to be
combined in the total amount of correction to be applied, but for the present, for the sake of sim-
plicity, each will be treated of separately. This second cause of error is known as that of refraction,

and is due to the varying density of the atmosphere surrounding the earth. By the laws of optics

a ray of light passing from one medium into another of a different specific gravity or density, is bent
or refracted in one or another direction, according as the density of the medium into which it enters
is greater or less than that which it has left. Consequently a ray of light passing from a higher
to a lower level will be refracted in a curve concave to the surface of the earth, since it passes from
a rarer into a denser stratum, the density of the atmospheric strata increasing towards the earth's

surface. But according also to optical laws, an object is seen in the same direction as that in which
the rays of light strike on the retina, and therefore the line of vision will be a tangent to the curve
of refraction, and an apparent displacement of the exact level or height of the object will be the
result. As this tangent or visual line will be above the curve, the effect of refraction is to raise the
object above its true level, and its connection will therefore be of an opposite character to that for

refraction. This will be seen from Fig. 7137, where A C, represent-
7

in«- the correction for curvature, equals A B in Fig. 7136, and A B
equals that for refraction. Calling the former negative and the latter

positive, the total correction equals AB — AC = B C. Owing to

the uncertain conditions attending the atmosphere, the error due to

refraction is not capable of being so accurately determined as that
due to the sphericity of the earth, and cannot be expressed by any
recognized formula. It may, however, be fairly considered to have an average value of about one-
sixth of the former error, and from this assumption a formula for its value may be found. The

2D2

correction for curvature in feet has, in fact, been found to be equal —5— 5 to calling D the distance in
o

D2

miles. That for refraction is equal to D2
(f x ¿) = — . But since the former is negative and

the latter positive, or, for the sake of simplicity and to avoid a negative result, these signs may be
reverse.!. The total correction represented by BC in Fig. 7137 will be equal to the difference of
these two fractions. Putting C to represent the total correction for both curvature and refraction,

we obtain C = D2

(f
- ¿) = i^* = 0*55 D2

.

The following is therefore the simple rule for ascertaining the total correction for both causes of
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7138.

error; " Square the distance in miles, multiply the result by 0*55, and the product will be the
toi-al correction in feet and decimals of a foot."

It has been stated that whenever practicable it is advisable to set up the instrument as nearly
as possible midway between the back and fore sights. By adopting this precaution the errors due to
curvature and refraction are annihilated, since the sum of them will be the same, but the combined
effects will neutralize each other.

Boning.—Boning is_ a rough description of levelling, which is often performed by foremen or
gangers in road and railway making. An experienced man, if given a couple of levels at the com-
mencement and termination of a given gradient, will bone the intermediate levels with very great
accuracy. Boning is performed with boning rods, which exactly resemble f squares, in the
following manner ;

—

Let A and B, Fig. 7138, be two stakes driven
to a certain depth, and according to a given in-

clination ; if on both of these stakes boning
rods, of exactly equal lengths, be held perfectly

upright, these will be parallel to the incline,

and if a third rod be carried along the intended
slopa , the top of it will be in a line with the top
of the other two, if the incline be correct ; if it

is above, theie will be more to cut away; and
if it is below, the excavation will have been
made too deep ; this method is certainly but approximate, quite sufficient to guide the excavators
for a time.

Contours and Hill Shading.—When the ground is horizontal, the signs which we have given are

quite sufficient to represent the country by the outline and relative position of every object ; but
when the ground is no longer level, new signs become indispensable to complete the plan, so as to

make it convey exact ideas of the hills, valleys, ravines, and other undulations of the surface.

A plan should therefore fulfil these two conditions ; first, represent the ground so as to enable us to

ascertain the relative height of the different points, and to judge of the nature of the slopes;

second, give a figure of the ground that will immediately afford an idea of its character. The firsfc

condition requires geometrical methods, whilst the second can only be obtained by combinations of

shades. The geometrical method consists in supposing the ground intersected by horizontal planes ;

the projections of these intersections, or horizontal contours, are then transferred to the drawing at their

reduced size. Procure a stone somewhat resembling a hill, as may frequently be found ; fix it with
clay to the bottom of a box provided with a plug-hole, and sufficiently large to leave a space free

between the stone and its case. Fill the box with water stained with Indian ink, and let it off, by
means of the plug, about a quarter of an inch in depth, at several times, allowing sufficient intervals

for the fluid to stain the stone in that plane, 4, 3, 2, 1, it has fallen to at the last abstraction.

These stains will present a series of horizontal lines or contours, 4, 3, 2, 1, all round the surface of

the stone, as shown in Fig. 7139 ; and if we examine the stone thus prepared, looking down upon
the top, we shall see that the steepness and the flexures of its sides will be accurately marked by
these contours, which might be said to form a scale of relative steepness.

7140.

7139.

The level of the water constitutes a horizontal plane, therefore those contours are the inter-

sections of the stone by parallel horizontal planes. What is said of a stone may be said o( a hill, or

of any surface, and those horizontal contours will srive us a geometrica] representation of the

ground. But if we suppose the horizontal planes of section to he equidistant, we can at once,

being given the altitude of one point and the equidistance, find the altitude of another point

Theinclination of the slopes may also be found by dividing this equidistance by the perpendicular,

common to two consecutive contours. A profile of the ground in any direetien can also be obtained :

the section of the ground along the direction AB, for instance, is found. Figa, 71 10, 7141, by

carrying on any line C D, distances C a', C b\ respectively equal to A a, A b, and drawing through

those points a\ b\ perpendiculars representing the altitude of the contours a, &, e : the lines that

connect the extremities of those perpendiculars figure the section. Elevations may also be drawn
by the usual method of geometry.
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By diminishing the equidistance, the description of the undulations can become very accurate
and almost exact. It will therefore vary with the scale of the plan, and the nature of the
country surveyed ; and the larger the scaie, the smaller the equidistance. In the Irish

of 6 in. to the mile, it was 50 ft. for cultivated parts, and 100 ft. fur mountainous and
districts. In France, as a rule, the ratio between the equidistance and the denominator

scale is constant, and = onnA , a great advantage is therefore gained, since at whatever

survey
barren
of the

2000
scale a

At theplan is made, the same inclination will always be represented by contours equally distant.

scale , , the sections are thus 5 mètres apart; at OAnAA , 10 mètres, and so on. In exceptional
10000

cases only is this ratio altered.

20000'

Thus, for the most level plains of Champagne, the Ordnance Survey

adopted the ratio of giving an equidistance of 5 mètres, at the scale
4000'

°""~D ~ "* ~ --,---
"20000

This method of representing the ground answers the first condition which a plan should fulfil,

and is now adopted everywhere for engineering purposes. The second condition, as we stated, can
only be obtained by combinations of shade ; and if the conventions we adopt in order to gain this

object are made to depend upon the principle of the horizontal contours, we shall obtain the very
important result of combining accuracy with expression. This effect of shade might be produced by
adapting the equidistance to the scale and to the nature of the ground, so as to have contours close

enough to give a shading. If, on the other hand, we insert a sufficient number of lines between a
few contours determined by levelling, the ground is not faithfully represented; the surface between
two such contours has not always a uniform slope, and the space between two contours of the

drawing would be a mean surface either enveloping or intersecting the real one. The execution
would be tedious and difficult. Hence methods have been devised, some having regard to expres-

sion only, others combining expression with accuracy. We may classify them under three heads,
the French system, the German system, and the English system. In the French system the
hachures are traced perpendicular to the contours, so that the equidistance compared with the
length of these hachures will at once give the ratio of the slope. The original contours must
therefore be preserved on the plan, and the proper effect of light and shade is produced as follows ;

—

MN, M'N', Fig. 7142, being the contours given, the hachures ab, cd are drawn at a distance,

ac = ab; the square they form is then divided into two equal parts by a' b', and the rectangles
a b', a' d arising therefrom are again divided into two.

7143

ò~~wd

7144.

%.mmmmm

7145. 7146. 7147.
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By this process the hachures are at a distance from each other = £ of their length, and in the

practice the etching is thus expeditiously done. Should not the contours be parallel, Fig. 7143, the
hachures are drawn so as to meet them at right angles. This, however, becomes difficult when
the contours are far apart, and beginners will find it more easy to pencil intermediate contours in
sufficient numbers to have them nearly parallel, and the hachures are afterwards kept at the proper
interval. When the distance between the contours is very small, it becomes impossible to draw
three hachures in the square ; they are then made thicker and kept at equal intervals, as in Fig.
7144. The effect of shade they produce will thus harmonize wilh those of less rapid slopes. This
should be done as soon as the distance of the contours is less than about ^ of an inch, and the
smaller this distance the thicker the etched lines should be. In order to preserve on the drawing
the traces of the original contours, which are always useful to find altitudes, the hachures of a slice
should not be the continuation of those above A, but should be made to correspond to the intervals
of the slice immediately above; and to avoid the bad effect B produced by lighter spots, they should
be exactly terminated at the contour C, Figs. 7139 to 7141. In order to secure a uniformity
of shade for all plans, scales of thickness or diapasons have been adopted. In the diapason of
the French Ordnance Map, Fig. 7145, the ratio of black to white is equal to the tangent of the

3
slope multiplied by -. For a slope of 45 degrees the proportion of black to white is thus 3 : 2.

All slopes steeper than 45 degrees are represented as escarpments. The French system, we have
said, combines accuracy with expression, but is not expeditious. It is the best for engraved maps.
In the German system the hachures are also perpendicular to the normal contours, with or without
reference to their equidistance.

In the system of Lehmann, Fig. 7146, no regard is pnid to the equidistance, and the slopes are
measured by the angle they from with the horizon. The diapason of Lehmann gives, therefore,
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the length and thickness of the hachures from 5 to 6 degrees up to 45 degrees. The latter slope,

being impracticable to armies, he represents by absolute black. The ratio of black to white is

equal to the ratio of the angle of a slope to its supplement to 45 degrees. Thus, for the slope
of 35 degrees, the thickness of the hachures is so regulated as to give a tint in which the black
is to the white as 35 : 10, or 7 : 2. In this method the features of the ground are strongly marked,
but the tints are too dark, and it is often difficult to read the small writing and see the details.

In other German diapasons the maximum of shade is taken for 60 degrees, but these methods
requiring the measurement of every angle, are too long in practice. English systems are of two
kinds ; the horizontal style and the vertical style, both of which had till lately only expression
in view. The vertical style, Pig. 7147, has only been employed to obtain expression, and it is not
more accurate than the above style, and requires more time. The horizontal style, with some
modifications, has been exclusively adopted in all the military schools of the Government since 1867.

Thus, with the scale of 6 in. to the mile, the dotted contours are shown at the vertical

distances of 25 ft. for all slopes below 5°, 50 ft. for all slopes from 5° to 10°, 100 ft. for all slopes

from 10° to 20°, 200 ft. for all slopes from 20° to 40°.

With the scale of 3 in. to the mile, these distances would respectively be 50, 100, 200, 400 ft.

This method is far less simple than the French system, since in the same drawing the distance
between the contours is liable to vary. There will, however, always be two defects in all the
varieties of horizontal style. The roads, in hilly ground, deviate but little from the horizontal plane,

and are not easily distinguished from the horizontal strokes to which they remain parallel. Again,
the extreme strokes at the summit and base of a hill cannot be melted into the soft appearance of

natural shade. Besides these three systems, there are other methods of hill shading. Brushing
with Indian ink is one of them ; but it is not susceptible of great accuracy, and is only employed
for rough sketches.

To give more accentuation to the features, oblique light has been had recourse to, but it is

impossible to represent the real steepness of a slope, since the same slope may be placed in a
thousand different positions as regards the direction of light ; hence the same slope is differently

shaded ; it must also be observed that the horizontal surface having to be shaded, the. effect is no
longer natural.

Fig. 7148.
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Plotting the Section.—In plotting a section, the first care is to obtain a perfectly straight datum
line. This is best obtained by stretching a fine silk thread from one point to the other, and making
points along it at such distances as can be conveniently connected by a straight-edge. The vertical

distances at which the rises and falls occur, as shown in the level-book in Fig. 7148, are plotted

as represented in Fig. 7149. The gradients, if the section be intended for a road or railway, are

then laid down. They are obtained by taking the difference of heights between the two ordiuates

at the two extremities, and dividing it into the distance or length of the gradient. Thus, in the

example in Fig. 7149, there is a gradient of 1 in 120 laid down. The thick black vertical line or

ordinate is marked 42*00, and supposing the ordiuates to be 100 ft. opart, we have at the end of a

horizontal distance of 600 ft. a rise of 5 ft., and if we look at the ordinate at that distance, it will

be seen that its vertical height is 47 '00. The difference between the reduced level of the ground
and that of the gradient height, or the formation surface of the road or railway, gives the height of

the embankment or depth of cutting, as the case may be. Although in the section in Fig. 7149
the ordiuates are shown at regular distances of 100 ft., yet they must be erected at every point which
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corresponds with a distance registered in the column of distances in the level-book, Fig. 7148..

Having plotted all the heights on the ordinates, the points are joined, and the section of the ground

7149.

thus obtained. In commencing to lay down the gradients, there are always some fixed points which
guide the engineer in his selection, as has been already observed in Railway Engineering, in

treating of the choice of route for a line of railway.

In conclusion, it may be remarked, that however excellent may be the maps available, yet if a
really accurate survey is required, the only reliable method is to have the ground surveyed and
plotted to the actual scale desirable in the particular instance. A corrected plan, that is, one which
has the omissions inserted, the superfluities erased, and the necessary alterations introduced, is

rarely to be depended upon. In the majority of cases it gives absolutely less trouble to survey the

ground, than to correct an imperfect plan of it already existing. Moreover, a corrected plan never
gives that thorough satisfaction and confidence which an engineer feels in one which he has made
himself.

See Geodesy. Railway Engineering.
Works upon Surveying ;—Adams (Gr.), ' Geometrical and Graphical Essays,' 8vo, 1813. Ainslie

(J.), ' Treatise on Land Surveying,' 8vo and 4to, 1849. Bourns (C), ' Principles and Practice of

Surveying/ 8vo, 1867. Smith (J. A.), * Treatise on Land Surveying,' crown 8vo, 1869. Nesbit's

'Practical Land-Surveyor,' 8vo, 1870. Merrett (H. S.), 'Land and Engineering Surveying,'

royal 8vo, 1871. Gillespie (W. M.), ' Treatise on Land Surveying,' 8vo, New York, 1872. Lieut.

-

Gen. Frome, ' Outline of a Trigonometrical Survey,' 8vo, 1873. Haskoll (W. D.), ' Practice of

Engineering Field Work,' 8vo.

SURVEYING INSTRUMENTS. Fb., Instruments de Varpenteur ; Ger., Messinstrumente.

All surveying instruments are intended for measuring horizontal, vertical, or angular distances.

Of the many varieties of these which have been used from time to time, it is our intention to

describe only those which experience has proved to be the best adapted for modern practice, both
at home and abroad.

Tlte Chain.—A pariial description of this simple but indispensable instrument has been given in

Surveying and Levelling, but there are a few points with reference to it which belong strictly to

the present article. The correct length of a chain should be that from out to out, that is, from the

outside of one handle to the outside of the other. Oval-shaped rings are far preferable to round
ones, and there are always in the best made chains three of these rings between each link. At a
distance of every ten links on each side of the centre of the chain there are similarly marked pieces

of brass, so that the brass, as it is termed, at forty links from the one end corresponds with that at

forty links from the other. These mark respectively forty or sixty links, according to the end of

the chain whence the counting is commenced. At the centre of the chain the brass is perfectly

plain, with no nicks or cuts in it. To every chain ten pins or arrows are attached, pointed at one
extremity, and having an eye at the other. In order to test a chain, it should be stretched out

» straight, and a weight of about 30 lbs. hung at one end, the other being made fast. On removing
the weight the chain should return to its original length, or if a new one, very nearly so.

Tapes.—Measuring tapes are made either of linen, or of linen interwoven with fine brass wire, and
called metallic tapes. It is stated that the metallic tapes stretch more than the linen ones, but this

is doubtful. Tapes are apt to fray at the edges, especially if they are slightly too large for the box,

an occurrence which sometimes happens when new tapes are put into old boxes, or when they are

carelessly wound up. A good box will last out many tapes. In winding up a tape, it should be
Tallowed to run through pretty closely between the middle and fore finger. If this be not done, it is

liable to get twisted or doubled up inside the box ; and if in drawing it out, it be forcibly pulled out,

it gets very much damaged. The proper plan in such a case is to imscrew the winding knob, and
take the tape out of the box through the aperture at the centre. Tapes are also made of steel, but
require careful handling, as they are liable to snap.

Instruments for Measuring Angles by Reflection.—Of these the box sextant and the prismatic

compass are the most useful. The former instrument is represented in Fig. 7150, and forms, when
shut up, a box, having a depth of \\ in. and a diameter of about 3 in. When observations are

being made, it is held in the hand, and requires no other support. It will read, by the aid of a
vernier, angles to a single minute, and when once thoroughly adjusted, does not become easily dis-

arranged. In using the sextant, the lid or cover A is first unscrewed, and then screwed on to the
bottom of the box, forming a handle with which to hold the instrument. Many sextants are provided
with a telescope T, which is then drawn out, and the dark glasses having been lowered by means of

two small levers, the instrument is ready for observation. B is an index arm, having at its extremity
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a vernier, of which thirty divisions coincide with twenty-nine of the divisions upon the graduated
limb L. As the divided spaces upon the limb each denote thirty minutes, or half a degree, the

angles observed are read off by means of

the vernier to a single minute. The index
is rnored by turning the milled head C,

which acts upon a rack and pinion within

the box. To the index arm is attached a
mirror, called the index glass, which moves
with the index arm, and is firmly fixed

upon it, so as to have its plane accurately

perpendicular to the plane in which the
motion of the index arm takes place, and
which is called the plane of the instrument.

This plane is identical with the plane of

the face of the instrument, or of the gra-

duated limb L. In the line of sight of the
telescope is placed a second glass, called

the horizon glass, having only half its

surface silvered, which must be so adjusted
that its plane may be perpendicular to

the plane of the instrument, and parallel

to the plane of the index glass when the index is at zero. The instrument is provided with two
dark glasses, which can be raised or lowered by means of two little levers, so as to be interposed,

when necessary, between the mirrors and any object too bright to be otherwise conveniently

observed, as the sun. The eye end of the telescope is also furnished with a dark glass. In order

to adjust the horizon glass of the instrument, first put the dark glass in front of the eye end of the

telescope. Look through it at the sun and move the index arm B backwards and forwards through
a small angle, on either side of zero, until the reflected image of the sun pass over the image seen

directly through the horizon glass. If the one image exactly cover the other, so as to constitute in

reality but one image, the horizon glass is in adjustment, that is, it is perpendicular to the plane

of the instrument. But if this should not be the case the key K must be unscrewed from the place

it occupies, and applied to a screw on the top of the instrument, which acts upon the horizon glass,

and turned until the adjustment is effected.

To ascertain the index error, after making the adjustment just described, make the reflected

image of the lower limb of the sun to coincide with the direct image of the upper limb, and take
the reading of the vernier, and suppose it to be in front of the zero mark. Then move the index bar
back beyond the zero mark of the divided limb L until the reflected image of upper limb of the sun
coincides with the direct image of its lower limb. If the zero of the vernier on the index arm be
now exactly as far behind the zero mark on the divided limb L, as it was previously in front of it

when making the other observation, so that the two readings are identical in value, but of opposite

sign, the instrument is in perfect adjustment. But if not, half the difference of the two readings is

the amount of the error, and is called the index error, being a constant error, for all angles observed
by the instrument, of excess, if the first reading be the greatest, and of defect, if the second reading
on the arc of excess be the greatest. In the former case the true angle will be found by subtracting

the index error from the reading of the instrument at every observation, and in the latter by adding it.

This error can be removed by applying the key Hoa screw in the side of the instrument, and
turning it gently till both readings are alike, each being made equal to half the sum of the two
readings first obtained. When this adjustment is perfected, if the zeros of the vernier and limb
are made exactly to coincide, the reflected and direct image of the sun will exactly coincide, so as to

form but one perfect orb, and the reflected and direct image of any line, sufficiently distant to be
unaffected by parallax, as the distant horizon, or the top or end of a wall more than a mile off, will

coincide so as to form one unbroken line.

To obtain the angle subtended by two objects situated nearly or quite

in the same vertical plane, hold the instrument in the right hand, and
bring down the reflected image of the upper object by turning the milled

head C till it exactly coincides with the direct image of the lower object,

and the reading of the instrument will give the angle between the two
objects.

To obtain the angle subtended by two objects nearly in the same hori-

zontal plane, hold the sextant in the left hand, and bring the reflected

image of the right-hand object into coincidence with the direct image of

the left-hand object.

The box sextant is essentially a reflecting one, and in consequence its

principle is founded upon the same data which govern all instruments of

a similar character. The results of all reflecting instruments are based

upon the fact that the deviation of a ray of light after reflection at the

index glass and that called the horizon glass, is double the angle of incli- \
nation between the two glasses. This will be rendered clear by a reference \ |

to the diagram, Fig. 7151. Let A represent the index glass of a sextant, \j

which is moved by the index arm as required, and B the horizon gla>s V
which is fixed permanently in a plane perpendicular to that of the instru-

ment. The angle of inclination between the two glasses in auy one given position will therefore

equal in the diagram the angle A D B. If we imagine R to represent a ray of light impinging upon
the mirror A, it will be reflected from A to B, and by the laws of optics the angle of incidence li A E
will equal the angle of reflection BAD. On arriving at B, the second mirror, the ray of light will

7161.
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be again reflected in the direction B C, making, according to the same law, the angle A B F equal
the angle C B D. The total deviation of the ray of light is measured by the angle A C B, and by
the conditions of the problem this must be equal to twice the angle A DB, or that between the
index or horizon glasses.

In the two triangles A H 0, BH D, the angle AH C equals the angle B H D, and consequently
the remaining angles H AC, HC A of the one triangle equal the remaining angles HB D, H D B
of the other. But the angle H B D, being the angle of reflection, equals the angle A B F, which is

the corresponding angle of incidence. This latter angle being the exterior angle of the triangle
A B D, equals the two interior and opposite angles H D B, B A D ; therefore the angle H B D equals
the angles H D B, B A D. From above the angles HA 0, II C A = angles H B D + H D B ; there-
fore substituting for H B D its value of the angles H D B + B A D, we have the angles HAC +
HC A = angles BAD + 2 HDB. But the angle BAD, the angle of reflection, equals angle
RAE, the angle of incidence, which is equal to angle H A Ó ; therefore the remaining angle H CA
or ACB equals 2 H DB, or the angle of deviation of the ray equals twice the angle between the
glasses. This angle is practically equal to that subtended by the object and its image at the eye of
the observer. The difference between it and the actual theoretical angle is usually called the
parallax of the instrument, which may be altogether eliminated by properly handling it. When
the eye of the observer, the centre of the index glass and the object, form three points in the same
straight line, this error becomes reduced to zero. In order to obviate the necessity for first regis-

tering an observation and then doubling it to obtain the angle required, the divisions on the arc or

limb are marked double what they really represent, so that the correct angle is read off by the
vernier at once. In reading the angle, care should be taken to bring the microscope perpendicularly
over the vernier, or else the true reading will not be obtained. A reading taken on the skew will

not be accurate.

The sextant is not applicable to objects which do not lie approximately in the same horizontal

or the same vertical plane. Strictly speaking, the two objects, the angle between which is required,

ought to be situated exactly in the same plane, but a little departure from this rule is of no prac-

tical inconvenience. The observer, even if his eye be no guide to him, can always tell in taking the
angle whether this condition is fulfilled or not, as he will be obliged to incline the sextant to one
side or the other, in order to obtain the necessary overlapping of the objects. This is a point that

requires attention, for angles observed between two objects situated widely out of the same hori-

zontal or vertical plane, are incorrect, and a survey so conducted will not close properly. We
have known considerable errors arise from ignorance and neglect of this necessary precaution. This
is one of the points in which a sextant is inferior to a theodolite. Should it, however, be absolutely

indispensable for want of another instrument to find with the sextant the horizontal angle between
two objects which are not situated in the same horizontal plane, the actual oblique angle may be
observed, and the true horizontal angle deduced from it by spherical trigonometry. This is a case

that rarely occurs in practice, and one that should be sedulously avoided.

The pocket sextant offers a ready method of laying off right angles, for by setting the vernier

to 90°, it really becomes to all intents and purposes an optical square. This latter instrument is

a small sextant with the mirrors fixed at the angle of 45°, and incapable of recording any other.

The mirrors of a sextant after some use get very dirty. The best way to clean them is by the use
of a small light brush. A telescope, as already observed, is frequently attached to the instru-

ment, but it is of very little practical use, and only complicates its manipulation. When once
in thorough adjustment a sextant, with proper care, will last so for a very long period.

The Prismatic Compass.—As this instrument can be used either in the hand or with a tripod

stand, and with it angles can be observed with great rapidity and tolerable accuracy, it is especially

valuable to the military surveyor. It is also well adapted for filling in the details of a large trigo-

nometrical survey, and was used for this purpose by those

engaged in making the English Ordnance surveys. It is repre-

sented in Fig. 7152, and forms a small and compact instrument.

Referring to the figure, A is a compass card usually divided to

every 20', or third part of a degree. Underneath the card is a
magnetic needle, turning upon the agate centre B. The vibra-

tions of the card when playing freely can be checked by touch-

ing a small spring in the side of the box. The sight-vane D
has a fine thread stretched across it, which should bisect the

point under observation. The sight-vane is mounted on a hinge-

joint, which enables it to be turned down flat in the box when
it is out of use. E is a prism attached to a plate sliding in a
socket, so that it can be raised or lowered as required. It is

also mounted on a hinge-joint, and can be turned down into

the box. The prism is attached to a plate F, which projects

beyond the prism, and has a narrow slit, forming the sight

through which the vision is directed when making an observa-

tion. On looking through this slit, and raising or lowering the
prism in its socket, distinct vision of the divisions on the

compass card immediately under the sight-vane is soon ob-

tained, and these divisions, seen through the prism, all appear,
as each is- successively brought into coincidence with the thread
of the si^ht-vane by turning the instrument round, as con-

tinuations of the thread, which is seen directly through the
part of the slit that projects beyond the prism.

The method of using the instrument is as follows;—The sight-vane D and the prism E, being
turned up upon their hinge-joints, as represented in Fig. 7152, the instrument is held as nearly

7152.
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7153.

horizontal as possible, or, if it be used with a tripod stand, set as nearly horizontal as can be done
by moving the legs of the stand, so that the card may play freely. The prism is then raised in ita

socket until the divisions upon the card are seen distinctly through the prism, and the instrument
turned round until the object to be observed is seen through the portion of the slit projecting

beyond the prism in exact coincidence with the thread of the sight-vane. The card is then brought
to rest by touching the spring; and the reading at the division upon the card, which appears in

coincidence with the prolongation of the thread, gives the magnetic azimuth of the object observed,

or the angle which a straight line, drawn from the eye to the object, makes with the magnetic
meridian. The magnetic azimuth of a second object being obtained in the same manner, the differ-

ence between these two azimuths is the angle subtended by the objects at the place of the eye, and
Í5. moreover, independent of any error in the azimuths, arising from the slit in the prism not being
diametrically opposite to the thread of the sight-vane.

By taking the variation of the compass, as it is termed, that is, the difference between the mag-
netic and the true north, from the Nautical Almanack for the year, the true meridian line can
always be obtained. Although the prismatic compass is a convenient instrument for filling in

details, it must never be employed where accuracy is required. Owing to numerous causes which
affect observations made by the aid of a magnetic needle, the angles cannot be relied upon to nearer
than half a degree. In Fig. 7152 there are two dark glasses at G, which may be made to turn

over the sloping side of the prism, and are useful when observing under a strong glare of the sun.

A mirror is shown at H, which can be attached to the sight-vane D, or removed at pleasure. Its

use is to reflect an object when it is much below or above the level of the observer. A stop is

provided to throw the needle off its centre when it is not in use.

The Circumferenter is a compass mounted upon a stand, with sights, and is now only used for

mining surveys.

The Theodolite.—The modern form of this important instrument is represented in Fig. 7153.

It may be considered as consisting

of three parts ; the parallel plates

with adjusting screws fitting on to

the staff-head; the horizontal limb,

for measuring the horizontal angles ;

and the vertical limb, for measuring
the vertical angles, or angles of

elevation.

The horizontal limb is composed
of two circular plates, A and B,

which fit accurately one upon the

other. The lower plate projects

beyond the other, and its projecting

edge is sloped off. or chamfered, as

it is called, and graduated at every

half degree. The upper plate is

called the vernier-plate, and has
portions of its edge chamfered off,

so as to form with the chamfered
edire of the lower plate continued
portions of the same conical surface.

These chamfered portions of the

upper plate are graduated to form
the verniers, by which the limb is

subdivided to single minutes. The
5-in. transit theodolite, Fig. 7153,

has two such verniers ISO2 apart.

The lower plate of the vertical limb

is attached to a conical axis passing

through the upper parallel plate,

and terminating in a ball fitting in

a socket upon the lower parallel

plate. This axis is, however, hol-

lowed to receive a similar conical

axis ground accurately to fit it, so

that the axis of the two cones may
be exactly coincident or parallel to

one another. To the internal axis the upper, or vernier, plate of the horizontal limb is attached,

and thus, while the whole limb cau be moved through any horizontal angle desired, the upper plato

only can also be moved through any desired angle, when the lower plate is fixed by means of a
clamping screw, which tightens the collar C. D is a slow-motion or tangent screw, which moves
the whcfe limb through a small space, to adjust it more perfectly, after tightening the collar C by the

clamping screw E. There is also a clamping screw for fixing the upper, or vernier, plate to the lower

plate, and a tangent-screw F, for giving the vernier-plate a slow motion upon the lower plate, when
so clamped. Two spirit levels G are placed upon the horizontal limb, at right angles to each other,

and a compass H is also placed upon it in the centre, between the supports J, J. for the vertical limb.

The vertical limb K is divided upon one side into four quadrants, each way from OP to 90\ and
subdivided by the verniers, which are fixed to the axis of the télescope, to single minutes. Upon
the other side are marked the number of links to be deducted from each chain, for various angles

of inclination, in order to reduce the distances, as measured aloni: ground risiili: or falling at these

9 D
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angles, to the corresponding horizontal distances. The axis L of this limb must rest, in a position

truly parallel to the horizontal limb, upon the supports J, J, so as to be horizontal when the hori-

zontal limb is set truly level, and the plane of the limb K should be accurately perpendicular to its

axis. On top of the telescope is fixed the bubble P. The horizontal axis L can be fixed by a
clamping screw M, and the vertical limb can then be moved through a small space by a slow-
motion screw N.

Adjustments.—Before commencing observations with this instrument, the following adjustments
must be attended to ;

—

Adjustments of the telescope, which comprise the adjustment for parallax and for collimation.

Adjustment of the horizontal limb and of the vertical limb.

When the image of the object viewed, formed by the object-glass, either falls short of, or beyond
the place of the cross wires, the error arising from this cause is called parallax. The existence of
parallax is determined by moving the eye about when looking through the telescope, observing
whether the cross wires change their position, and are flittering and undefined.

To correct this error, first adjust the eye-piece, by means of the movable eye-piece tube, till the
cross wire is clearly defined, and sharply marked against any white object.

Then by moving the milled-headed screw at the side of the telescope, the internal tube is thrust
outwards or drawn inwards, until the proper fucus is obtained according to the distance of the
object, and the object can be clearly seen, and the intersection of the wires, clearly and sharply
defined, before it. The existence of parallax is very inconvenient, and, where disregarded, has
frequently been productive of serious error. It will not always be found sufficient to set the eye-
glass first and the object-glass afterwards. The setting of the object-glass, by introducing more
distant rays of light, will affect the focus of the eye-glass, and produce parallax or indistinctness

of the wires, when there was none before ; the eye-piece must, in this case, be adjusted again.

Generally, when once set for the day, there is no occasion for altering the eye-glass, but the
object-glass will of course have to be altered at every change of distance of the object.

In adjusting the instrument, the parallax should be first corrected, and then the error of

collimation.

Adjustment for Collimation.—To collimate a transit theodolite, set the cross wires on some very
distinct datant object by means of the tangent-screw F. Now unclamp the vertical circle, and lift

the horizontal axis, carrying the telescope with it out of its bearings in the supports J, J. Beplace
it in its bearings with the ends reversed, so that the telescope is upside down. If the cross wires

now coincide exactly with the same point as when the telescope was in its original position, the
line of collimation is perpendicular to the horizontal axis, and the instrument is in adjustment in

that particular respect. But if this coincidence does not obtain, one half of the deviation must be
corrected by moving the cross wires by means of the horizontal adjusting screws attached to the

diaphragm, and the other half by means of the tangent-screw F. Beverse the telescope again, and
repeat the operation until the adjustment is accomplished. The telescope may be reversed for the
purpose of effecting this adjustment in another manner. It may be turned over on its horizontal

axis, and the horizontal limb revolved through an angle of 180°. To adjust the line of collimation

in a vertical direction the same operation is to be carried out, but the vertical screws a, in Fig. 7153,
must be used instead of the horizontal.

Adjustment of the Horizontal and Vertical Limbs.—Set the instrument up as accurately as possible

by the eye, by moving the legs of the stand. Tighten the collar C by the clamping screw, and, un-
clamping the vernier-plate, turn it round till the telescope is over two of the parallel plate screws.

Bring the vertical circle carefully to zero by turning the tangent-screw N. Turn the vernier-plate

half round, bringing the telescope again over the same pair of the parallel plate screws, and if the
bubble of the level be not in the centre of its run, bring it to the centre, half-way by turning the parallel

plate screws over which it is placed, and half-way by turning the tangent-screw N. Kepeat this

operation till the bubble remains accurately in the centre of its run in both positions of the telescope
;

and then turning the vernier-plate round till the telescope is over the other pair of parallel plate
screws, bring the bubble again to the centre of its run by turning these screws. The bubble will

now retain its position while the vernier-plate is turned completely round, showing that the internal
azimuthal axis about which it turns is truly vertical. The bubbles of the levels on the vernier-plate
being now, therefore, brought to the centres of their tubes, will be adjusted to show that the internal
azimuthal axis is vertical. Now, having clamped the vernier-plate, loosen the collar C by loosening
the clamping screw, and move the whole instrument slowly round upon the external azimuthal axis,

and if the bubble of the level above the telescope maintains its position during a complete revolu-
tion, the external azimuthal axis is truly parallel with the internal, and both are vertical at the
same time ; but if the bubble does not maintain its position, it shows that the two parts of the axis

have been inaccurately ground „and the fault can only be remedied by the instrument maker. When
the horizontal limb is in adjustment, that is, when the bubbles of two levels on the vernier-plate
remain in the centre of their run, during all positions of the revolution of either the vernier-plate

or the whole instrument around the vertical axis, the bubble above the telescope should be in the
centre of its run when the vertical arc or circle is set to zero. Should this not be the case, there is

an index error which must be allowed for in all observations made with the vertical limb.
The bubble tubes are frequently mounted with capstan-headed screws at both ends, but in both

theodolites and levels of the most modern make, they are mounted with a hinge at one end and a single
screw at the other, as shown in Fig. 7156. This is by far the best method of mounting them, asti ey
retain their adjustments more permanently. There is this difference to be remarked respecting then-
nature, and it is necessary to be certain that in the latter plan it can never happen that the hinged
end should ever require lowering. Fig. 7154 will render our meaning clear. Since the bubble always
runs to the highest end, there is no necessity of raising or lowering more than one end of the tube, pro-
vided the other is free to pivot upon a hinge, but not to have any vertical motion. In Fig. 7154 let A B
represent the correct position of the bubble tube when the instrument is properly set up and levelled.
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Let A be the screw end, and B the hinged extremity, which it must be borne in mind cannot by
construction be raised or lowered. Suppose the level tube to be deranged, and the screw end to

occupy the position shown by the dotted line G B,

it is evident that it may be restored to a hori-

zontal position either by lowering the end G to

the point Á or raising B to the point D, the line

G D being parallel toA B, and therefore horizontal.

But as the end B cannot be raised, the only

alternative is to lower G. But suppose the instru-

ment is badly constructed, so that, after lowering

the movable end as much as possible, that is, screwing it down as far as the screw will go, it still

remains too high. Then there is no remedy but that of sending the instrument to the maker
to have the bubble tube taken off and remounted. Beferring to the diagram for an illus-

tration, suppose the end A to be deranged so as to occupy the position shown at E, and that after

screwing it down as far as possible it can only be brought to G, the bubble tube will then occupy
the position shown by the dotted line G B, and will be always out of level until remounted. A
similar contingency is represented by the dotted lines F B, H B on the lower side of the line A B.
on the supposition that the movable end at A has been lowered by derangement instead of raised.

In the extreme case we have selected, it is supposed that the end A which was at H could not be
raised higher than F, and as B could not be lowered to K, the position of the bubble tube would be
represented by the dotted line F B. In purchasing a theodolite or a level with the bubble tubes
mounted on a hinge, if when the instrument is set up and levelled the movable or screw end of the
tube is' raised much above its bearings, it should be rejected, as the tubes will never be steady under
the least rough usage. "When all the parts of a theodolite or level are fresh from the hands of tho
maker, all the adjusting screws should be nearly home, and the instrument will then be in what is

termed permanent adjustment.
The next point to be considered with respect to a theodolite is the position of the verniers.

These are two in number, placed opposite one another, that is, at a distance of 180° apart on the
divided limb. The verniers are sometimes fixed at the proper distance apart in the making of the
instrument, and at other times are movable, so as to be capable of accurate adjustment when re-

quired. The object of having two verniers is to ensure great accuracy in the observations. When
this is needed, the angles are read off by both verniers and the mean taken, which tends to reduce
any small error that might otherwise occur. In the diagram in Fig. 7155, let A B represent the
normal position of the verniers of a theodolite, that is, when
they are both at zero, A being one vernier, and B the other.

Suppose a reading is taken with the vernier B only, the angle
read being equal to B D. But suppose also in the reading of

the angle an error is made in excess equal to D F, which
would be equivalent to reading the angle B F instead of B D.
One reading only being taken with one vernier, the error

remains. But if when the angle B F is read by error, the
angle A O be read with the other vernier, and the mean of
the two readings A C and B F be taken, the error becomes
reduced to D K or half D F. Instead of supposing the read-
ings to be wrongly taken, if we imagine trifling errors to exist

in the verniers themselves, the same line of reasoning holds
good. Trifling errors do exist in the verniers, and it is for

the purpose of nullifying them that they are both used. In
ordinary practice it is not necessary to use both verniers, and
the surveyor should always use the same vernier during the
same series of operations, making a slight scratch on one of

the verniers so as to be able to distinguish it from the other.

When the verniers of a theodolite are fixed by construction, if they do not each coincide with the
zero of the divided lower plate to within three or four minutes, the instrument is faulty. Having
completed our remarks on the levels and verniers, there is still one more important consideration to

attend to. It is the vertical position of the supports J, J, in Fig. 7153. In some instruments,
always in tho. e of a large size, there is a separate adjustment for this purpose, but in many there
is none, the supports being set vertical by the maker. To ascertain this, set up the instrument
accurately level, d rect the intersection of the cross wires to some well-defined vertical line, such as

the quoin of a building, and move the telescope up and down. If the intersection of the wires
coincide during the whole motion of the telescope with the edge of the quoin the construction is

good, if not, bad, and the fault can only be remedied by the maker. As a piece of practical

advice ; alwaj^s turn the instrument in the same direction either backwards or forwards, but not
indifferently backwards and forwards. The reason for this is, that there is always some lubricating

substance present between the axial bearings, and if the instrument is constantly turned in the
same direction, this is always maintained in a smooth and even state. But when the rotation is

backwards and forwards it gets rubbed up, and interferes with the evenness of the movements.
Everest's Theodolite.—In Everest's theodolite, a number of which were made for use in India,

instead of the upper parallel plate there are three diverging arms, with a vertical foot smw sup-

porting the end of each. In setting up a theodolite over any station, a plumb-bob is hung from a
small hook which is placed in the upper part of the legs, and is situated exactly under the vertical

axis of the instrument. On referring to Fig. 7153 it will be seen that the microscope R for reading
the divisions on the horizontal limb is mounted on a little bracket, which slides in a groove in the

lower part of the rim of the limb. This is a complete mistake in the construction of the instrument,

and it is astonishing that the makers have not altered the arrangement. As the microscope is onlv
P 2
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7156.

needed to read the vernier, and that portion of the horizontal limb corresponding to it, the proper
place for it is on the vernier-plate. As the vernier-plate revolved it would carry the microscope
with it, and it would always be where it was wanted. In the position in Fig. 7153 it is not only in

the way, but when shifted along its groove it is very liable to disturb the level of the instrument.
It may be useful for those who are in possession of cradle theodolites to know that they can be con-

verted into transit theodolites.

Levelling Instruments.—The three best-known levels are the Y> Troughton's, and Gravatt's, or

the Dumpy level. Of these the last is so universally used by engineers that a description and
illustration of it will be sufficient for our purpose. The most modern form of this instrument by
Elliott Brothers is represented in Fig. 7156. The diaphragm is carried by an internal tube, which
is nearly equal in length to the

external tube A. The external

tube is sprung at its aperture,

and gives a steady and even
motion to the internal tube,

which is thrust out, and drawn
in, to adjust the focus for objects

at different distances by means
of the milled.headed screw B.

The spirit level is placed above
the telescope, and attached to

it by a hinge C at one end, and
a capstan-headed screw D at

the other, by means of which
the bubble can be brought to

the centre of its run, when the

line of collimation is adjusted.

The telescope is attached

to a horizontal bar E E, but
room is just left between the telescope and the bar for a compass-box if required. A circular level F
is placed upon the horizontal bar E E, parallel to the principal level G, by which the instrument

can be set up at once with the axis nearly vertical.

The telescope is attached to the horizontal bar by countersunk screws at H H, by which the

line of collimation is set perpendicular to the vertical axis, and the instrument is set up upon
parallel plates, as in the case of the theodolite.

In setting up the instrument in the field, when it is in perfect adjustment, the telescope is

placed over each pair of the parallel plate screws alternately, and they are moved till the bubble
settles in the middle of the tube, and the operation is repeated till the telescope can be turned

quite round upon the staff-head, without any change taking place in the position of the bubble.

Adjustments of the Level.—The adjustment for parallax is made in the same manner as for the

theodolite. The collimating of a dumpy level is not so simple an operation as in the case of

the Y level or the theodolite, since the telescope cannot be either rotated or reversed, that is,

turned upside down in its collars or bearings. A simple method of placing the collimation in

adjustment is as follows. In Fig. 7157 let the level be accurately set up at A, and readings taken
at B and C two points equidis-

tant from A. Let the level be 7157.

shifted and set up at D, and
readings again taken at B and C.

Let these readings be respec-

tively B 1
, C\ B2 , C2 . When the

collimation is in adjustment we
have (B 1 - C 1

) = B2
- (02 + d),

in which equation d is the difference of the curvature of the earth for the distances D B and D C. If
(B 1 - C 1

)> B
2- (C8

+d), the line of collimation points downwards but if (B 1 - C 1

)< B2
- (02 + d),

it points upwards. When (B 1 - O 1

) = (B2
- C2), the line of collimation will point downwards by

an amount equal to the difference of the curvature of the earth for the distances D B and D C. Put
(B 1 - C1

) - (B2 - C2 - d) = ± E ; then we have B C : ± E : : D B : ± E 1
. The reading on the

staff at B from station D should be equal to B 1 ± E 1

, and the horizontal wire can be adjusted to
read this by means of the diaphragm screws K K in Fig. 7156. The following is Gravatt's method
for collimating a dumpy. " On a tolerably level bit of ground drive three stakes at distances
of about four or five chains apart. Call the first stake A, the second B, and the third C. Set up
the level half-way between the stakes A and B, and take readings on the staff A' and B', then,
although the instrument be out of adjustment* the two readings will be equidistant from the
earth's centre.

" Now remove the instrument to a point half-way between B and 0. Again read off the staff
on B, and read also a staff placed on the stake, which call C. Now, by adding the difference
of the readings on B, with its proper sign, to the reading on 0, we get three points, say A', B',
and C, equidistant from the. earth's centre, or in the same true level.

" Place the instrument at any short distance, say half a chain beyond it, and, using the bubble
merely to see that you do not disturb the instrument, read all three staffs, or, to speak more
correctly, get a reading from each of the stakes A, B, O; call these three readings A", B", C".
Now,

;

if the stake B be half-way between A and C, then ought C" - C - (A" — A') to be equal to
2 [B" — B' — (A" — A')] ; but if not, alter the screws which adjust the diaphragm, and con-
sequently the horizontal spider line, or wire, until such be the case, and then the instrument will
be adjusted for collimation.
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" To adjust the spirit bubble without removing the instrument, read the s4aff on A, say it reads
A-'", then adding (A'" — A') with its proper sign to B' we get a value, say B'".

" Adjust the instrument by .means of the parallel plate screws ,to read B'" on tbe staff B.
" Now, by the screws attached to the bubble tube, bring the bubble into the centre of its run.
" The instrument will now be in complete practical adjustment for level, curvature, and

horizontal refraction, for any distance not exceeding ten chains, the maximum error being only

th of a foot."

Whatever be the distances between the stakes A, B, 0, the following proportions ought to hold,

namely ;

—

The distance from A : B : the distance A to C : : B" - B' - (A" - A') : C" —C — (A" - A').

If this adjustment be made by one of the countersunk screws at H H, instead of the parallel

plate screws, the line of collimation will be brought into its proper position with respect to the

vertical axis.

To set the Axis of the Telescope perpendicular to the Vertical Axis round which the Instrument turns,

or, in other words, to make it traverse.—Place the telescope over two of the parallel plate screws,

and move them, unscrewing one while screwing up the other, until the bubble of the level settles

in the centre of its run. Then turn the instrument half round upon the vertical axis, so that the

contrary ends of the telescope may be over the same two screws, and, if the bubble does not again
settle at the same point as before, half the error must be corrected by turning one of the counter-

sunk screws at H H, and the other half by turning the two parallel plate screws over which the

telescope is placed. Next turn the telescope a quarter round, that it may lie over the other two
screws, and repeat the operation again and again until the bubble remains in the centre of the
tube during a complete revolution of the telescope. When the adjustments of a dumpy level are

well and thoroughly made, the instrument will remain in excellent working order for many years.

The remarks respecting the manner in which those adjustments should be made with regard to the
theodolite are equally applicable to those of the level.

The Vernier, Fig. 7158, is so constructed as to slide evenly along the graduated limb of an instru-

ment, and enables us to measure distances, or read off observations, with greater minuteness than
we could without its aid. In another kind of vernier scale, the divisions on the lower or subsidiary

scale are longer than those on the upper or primary scale; but in the vernier now to be
described, the divisions are usually shorter than those upon the limb to which it is attached, the

length of the graduated scale of the vernier being exactly equal to the length of a certain number
(N— 1) of the divisions upon the limb, and the number (N) of divisions upon the vernier beiüg one
more than the number upon the same length of the limb.

7158. 7159.

Let, then, L represent the length of a division upon the limb, and Lj the length of a division

N - 1 1
upon the vernier ; so that (N — 1) L = N 1^ ; and thereforeL — L^ = L —— L = — L ; or the

defect of a division upon the vernier from a division upon the limb is equal to the Nth part of c
division upon the limb, N being the number of divisions upon the vernier. If N divisions of the

vernier were equal to (N + 1) divisions of the limb, or (N + 1) L = N Lu then would

T T E±±T T
l

TL
1
-L=-¥-L-L=-L;

or the excess of a division upon the vernier above a division upon the limb would be equal to tho

Nth part of a division upon the limb. With this arrangement, however, we should have the incon-

venience of reading the vernier backwards.

In Fig. 7159, six divisions of the vernier are equal to five divisions of the limb ; and conse-

quently the above defect, or L — V, is equal to a sixth part of a division upon the limb, or to 20',

since a division of the limb is equal to 2°.

In Fig. 7158, ten divisions of the vernier are equal to nine divisions of the limb; and conse«

quently L — V is equal to a tenth part of a division upon the limb, or to the hundredth part of an
inch, a division of the limb being equal to the tenth part of an inch.

We must, in reading, first look to the arrow, as pointing out the exact place upon the limb

at which the required measurement is indicated. If, then, the stroke upon the vernier at the arrow
exactly coincides with a stroke upon the limb, the reading at this stroke gives the measurement
required; but, if the stroke at the arrow be a distance beyond a stroke upon the limb, then will

this distance be equal to once, or twice, or thrice, the difference of a division upon the limb and
upon the vernier, according as the stroke at the end of the first, or second, or third, division upon
the vernier coincides with a stroke upon the limb.

The stroke upon the vernier, Fig. 7159, at the arrow falls beyond the stroke indicating 22°

upon the limb, and the stroke at the end of the second division upon the vernier coincides with a
stroke upon the limb ; the reading therefore is 22° 40'.

The stroke upon the vernier, Fig. 7158, at the arrow falls beyond the stroke indicating one
inch and three tenths upon the limb, and the stroke at the end of the sixth division upon the vernier
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coincides with a stroke upon the limb ; the reading therefore is 1 *36 in., or one inch three tenths and
six hundredths.

The limbs of the best sextants are now divided at every 10 minutes, and 59 of these parts are
T jo'

made equal to 60 divisions of their verniers. In this case ~L — V=z— = — = 10"
; so that these

60 b0

instruments can be read off by the aid of their verniers to an accuracy of 10 seconds. The verniers

occupy on the limbs spaces equal to 9° 50'. That is, according to the graduation of the instrument
;

but as the angles observed by a sextant are double the angles moved over by the index, the limb

of the instrument is graduated, as though it were double the size ; so that the verniers really

occupy an arc of 4° 55' only.

The limbs of small theodolites are generally divided at every 30 minutes, and 29 of these parts

are made equal to 30 divisions of their verniers, which therefore enables us to read off to an accuracy
30'

of
'—

7j or I'. In the mountain barometer, the scale being divided into y^tlis of an inch, 9 of
30

these parts are made equal to 10 divisions of the vernier, -which therefore enables us to read off

to an accuracy of i^^ths or" an inch.

We have, in the above explanations, only considered the case of an exact coincidence between
some one of the strokes upon the vernier and a stroke upon the limb. Suppose now that in Fig. 7159
the stroke at the end of the second division, instead of coinciding with a stroke upon the limb, fell

a little beyond it, while the stroke at the end of the third division fell a little short of a stroke upon
the limb; then the measurement indicated would be something between 22° 40' and 23°, which the

observer, should there be no other mechanism attached to the vernier, must estimate by guess,

according to the best of his judgment.
Diaphragms.—In looking through a telescope, a considerable field of view is embraced ; but the

measurements indicated by any instrument, of which the telescope may form a part, will only have
reference to one particular point in this field of view, which particular point is considered as the

centre of this field of view. We must therefore place some fixed point in the field of view, and in

the focus of the eye-piece, and the point to which the measurement will have reference will be
that point of the object viewed, which appears to be coincident with this fixed point, or which,
according to the technical phrase, is bisected by the fixed point.

The intersection of two fixed lines will furnish us with such a fixed point, and consequently

two lines of spider's thread, Fig. 7160, are fixed at right angles to each other in the focus of the

eye-piece. They are attached by a little gum to a brass ring of smaller dimensions than the tube

of the telescope, and which is fixed to the tube by four small screws, a, 6, c, d, and constitutes the

diaphragm in its simplest form. If the iscrew d be eased, while at the same time c is tightened,

the ring will be moved to the left ; but if c be eased and d tightened, the ring will be moved
to the right ; and in a like manner it may be moved up or down by means of the screws a and b.

D JF

The diaphragm mostly placed in these telescopes of theodolites is shown in Fig. 7161, and that

in those of levels in Fig. 7162. The two vertical lines in the latter, C D and E F, serve to show
at a glance when the staff is held vertical in one plane.

7163.Plotting Surveys.— The prin-

cipal instrument used in laying

down the points of a large survey,

is the protractor. When consider-

able accuracy is required, a semi-

circular, or, better still, a circular

protractor should be used, similar

to that represented in Fig. 7163.

The circumference is a complete

circle, and attached to the centre

by four arms, or radii, A, A, A, A.
At the centre there is an open
space, which is surrounded by a
ring or collar B, which carries two
radial bars C, C. To the ex-

tremity of one bar is a pinion D,
working in a toothed rack quite

round the outer circumference of

the protractor. To the opposite

extremity of the other bar C, is

fixed a vernier, which subdivides the primary divisions on the protractor to single minutes, and by

estimation to thirty seconds. This vernier, as may readily be understood from the engraving, is
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carried round the protractor by turning the pinion D. Upon each radial bar C, is placed a branch E,
carrying at its extremity a fine steel pricker, whose point is kept above the surface of the paper by
a spring placed under its support, which gives way when the branch is pressed downwards, and
allows the point to make the necessary puncture in the paper. The branches E, E, are attached
to the bars C, C, with a joint which admits of their being folded backwards over the instrument when
not in use, and for packing in its case. The centre of the instrument is represented by the inter-

section of two lines drawn at right angles to each other on a piece of plate glass, which enables thf»

person using it to place it so that the centre, or intersection of the cross lines, may coincide witL
any given point on the plan. If the instrument is in correct order, a line connecting the fine prick-

ing points with each other would pass through the centre of the instrument, as denoted by the
before-mentioned intersection of the cross lines upon the glass, which, it may be observed, are drawn
so nearly level with the under surface of the instrument as to do away with any serious amount of

parallax, when setting the instrument over a point from which any angular lines are intended to be
drawn. In using this instrument, the vernier should first be set to zero, which is at the division

marked 360, on the divided limb, and then placed on the paper, so that the two fine steel points

may be on the given line, from whence other and angular lines are to be drawn, and the centre of
the instrument coincide with the given angular point on such line. This done, press the protractoi

gently down, which will fix it in position by means of very fine points on the under side. It is now
ready to lay off the given angle, or any number of angles that may be required, which is done by
turning the piuion D till the opposite vernier reads the required angle. Then press downwards
the branches E, E, which will cause the points to make punctures in the paper at opposite sides of

the circle ; which being afterwards connected, the line will pass through the given angular point,

if the instrument was first correctly set. In this manner, at one setting of the instrument, a great
number of angles, or a complete circular protractor, may be laid off from the same point.

The most accurate method of laying down on paper any triangle, is to calculate the length of the
sides, and lay them down by beam compasses, if tliey are too long for ordinary compasses. "With

respect to the use of the minor instruments employed in plotting and office drawing generally, the
best course for the beginner to adopt is to purchase a good case, and with a little practice he will

soon begin to find out their value and several uses.

See Distances.
SWITCH. Fr., Aiguille, switch ; Geb., Weichschiene; Ital., Sviatoio ; Span., Cambio de via.

See Permanent Way.
TAP. Fr., Taraud ; Ger., Schraubenbohrer ; Ital., Maschio ; Span., Macho de tarraja.

In an engineering sense, a tap is a conical screw made of hardened steel, and grooved longitudi-

nally, for cutting threads in nuts, and the like. A tap-bolt is a bolt with a thread on one end and a
head on the other end, to be screwed into some fixed part, instead of passing through the part and
receiving a nut. See Hand-Tools.

TAPPET. Fr., Toe ; Ger., Mitnehmer ; Ital., Arresto ; Span., Palanca de escape.

A tappet is a small lever or projection intended to tap or touch lightly something else with a
view to change or regulate motion. For instance, a tappet-motion is a valve-motion worked by
tappets, from a reciprocating part of a steam-engine, without either eccentric or cam.

TELEGKAPHY. Fr., Télégraphie; Ger., Télégraphie; Ital., Telegrafia; Span., Telegrafia.

In the present article we purpose to treat the subject of telegraphy solely from an engineering
point of view. The rapid and extraordinary development of the telegraphic* system has rendered
this part of the subject, namely, the construction and maintenance of the vast network of lines of

communication, one of the highest importance, and the wide and varied experience which has been
gained in all parts of the known world has furnished results from which reliable and definite

information may be obtained for future guidance. To bring together these results aud to impart
this practical information is our present object. We shall therefore introduce only so much of

the science of electricity as is necessary to the proper execution of the above-mentioned work.

A minute scientific investigation of the numerous interesting facts relating to electric currents

would be out of place here, and must consequently be h ft to the more appropriate pages of special

treatises.

Batteries.—The nature, construction, and relative efficiency of the several batteries now in use
having been fully described in former articles, see Battery, Boring and Blasting, and Electro-

metallurgy, there remains but little to be said on this subject. The most constant and economical

battery is that modification of Daniell's in which sulphate of zinc is used in the zinc cell instead of

sulphuric acid. The greatest effect will, doubtless, be obtained when the porous cell is very thin ;

but it is desirable, in order to prevent the mixing of the two fluids as much as possible, to increase

its thickness, and even to grease its back and sides ; for when the cell is thin, the waste of sulphate

of copper is as great when the battery is idle as when it is in use. This sulphate of copper should

not be crushed, for when such is the case, the powder of the crushed crystals is apt to cement the

whole into an almost insoluble mass at the bottom of the cell. When specially ordered, it may be
obtained in crystals about the size of a hazel-nut.

The zinc, which is cast, should not contain more than 2 or 3 per cent, of impurities. When the

zinc solution becomes strong, it crystallizes on the sides of the cell ; the liquid then rises by capil-

lary attraction between the crystals and the cell, and is apt to creep over the top and down the

outer side of the cell, thus forming in time a kind of siphon which will often half empty the cell.

The readiness with which gutta-percha is affected in this way has led to its almost complete aban-

donment. The evil may be lessened by dipping the cell, after having thoroughly dried and warmed
it, about half an inch iii a warm mixture of paraffin ana paraffin oil. In some instances the copper

plate has been placed at the bottom and the zinc at the top of the cell, the solutions being sepa-

rated only by their difference in specific gravity. This arrangement, though energetic for a time,

and having very little resistance, is inconstant and wasteful, as the copper solution rises rapidly to

the zinc and is thrown down by it. In all cases the zinc should hang vertically, and should not
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cross or face the copper, for when placed horizontally hydrogen accumulates under it and isolates

Thirty cells of a battery of this kind are sufficient for a line of 200 miles if the insulation

is good On long linos subject to loss in wet weather, or when the insulation is bad, it is necessary

to use iarger cells. A better effect will be obtained by increasing the size of the cells than by

adding extra cells in series.
'

As supplementary to the description previously given of the several kinds ot battery, we

add the following, to illustrate those varieties which are employed for telegraphic purposes.

DanielVs element consists of a pole of sheet copper in a saturated solution of sulphate of copper,

and a pole of amalgamated zinc in dilute sulphuric acid. These two solutions are separated by a

porous diaphragm. The outer casing of this element is usually of stoneware, and is of the form

shown in Figs. 7164, 7165. Glass is sometimes employed instead of stoneware, but is not generally

so suitable.

7165a. 7166.

7164. 7165.

C=^\

Minotti's, Figs. 7165a, 7166, element is a simple and inexpensive form of Darnell's element. It

consists of a brown earthenware jar, at the bottom of which is placed a disc of sheet copper connected

to an insulated wire. The jar is half filled with sulphate of copper crystals, over which a disc of

felt is placed, and above this a thick layer of saw-dust to act as a diaphragm. The zinc plate is

circular and lies upon the saw-dust. When in use, the cell is filled up with acidulated water. Some-

times a thin layer of oil is placed above this to prevent evaporation.

Marié-Davy's element consists of a carbon pole in a paste of protosulphate of mercury and

water contained in a porous pot, and a zinc pole in dilute sulphuric acid. Fig. 7167 represents a

portable form of this battery, well adapted for travelling and testing purposes. The poles are sus-

pended in a glass jar sealed at the top. This is a powerful and constant battery.

7168.

7167

7169.

Leclanche's element has a cylinder of amalgamated zinc suspended in a solution of ordinary tal-

ammoniac, the negative pole being a prism of carbon surrounded in a porous cell by a pulverized

mixture, tightly packed, of peroxide of manganese and carbon. The whole is contained in a glass

jar, as in Fig. 7168. This element is powerful, clean in its action, and does not deteriorate when
not in use. It is much employed on the French railways, but it has not met with much favour in

England.
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Fig. 7169 is a common modification of Daniell's battery. It consists of a teak trough divided
into cells by plates of slate, the whole being covered witli marine glue. The cella are subdivided
by porous divisions, and the zinc and copper plates are suspended alternately in the divisions thus
formed. Usually this form of battery consists of twelve cells.

Another modification of Daniell's, and known as the Globe Reservoir Battery, is represented by
Fig. 7170. This form is more constant and regular in its action than the preceding ; it will last for

a period of from twelve to fifteen months without attention.

Wire.—The most durable portion of a line of telegraph is the wire. In no instance has it been
necessary to re-wire even the oldest line when not exposed to any specially destructive agency. The
kind universally adopted for land lines is galvanized iron wire, and experience has shown that it is

admirably suited to the purpose. But durable as this wire is when erected in the open country, in
towns, and especially manufacturing towns, it is quickly destroyed. The same destruction also takes
place in tunnels and in the neighbourhood of chemical works. Attempts have been more or less

successfully made to protect the wire from these influences by means of paint, and, in some
instances, gas-tar. If the operation is performed at the manufactory, the paint, or other coating,
will be rubbed off in transit from place to place and in course of erection, and as corrosion will
immediately be set up at such spots, the benefit of the coating in otber parts is nullified. On the
other hand, the difficulty and expense of painting after the wires are fixed to the poles are great.
The process can, however, be easily performed on the ground before raising them to their positions
on the poles. But in this case, unless great care be exercised to prevent the removal of the paint
from the points of support, as well as to ensure the wires being perfectly dry, the results will not be
satisfactory. The only plan that may be regarded as really successful, is to run the wire through
paint or some bituminous preparation, and to immediately spin round it hemp or cotton well
saturated with the same compound. This protects the coating from abrasion, and also forms of itself

an efficient protective covering.

On the continent of Europe it was a common practice to use ungalvanized wire of a larger gauge,
the extra quantity of metal being supposed capable of giving the wire as long a life as the smaller
galvanized wire. This practice has never been adopted in England, and it is being discontinued
elsewhere. The process of galvanizing slightly hardens the metal, and considerably lessens its capa-
bility of stretching ; but its ultimate tensile strength does not seem to be affected by the operation.

To test the thickness of the zinc coating, dissolve 1 lb. of sulphate of copper in 5 lbs. of water, and,
plunging the wire.,into the solution, let it remain immersed one minute ; then wipe it clean, and
repeat the process four times. If, after the fourth immersion, the wire still appears black, the zinc
has not been all removed, and it may be thence inferred that the galvanizing was well performed.
But if the wire has a copper hue, the iron has been exposed, thus showing that the coating was too
thin.

The quality of the wire used for telegraphic purposes is a matter of the highest importance, and
one that usually receives very careful attention. For it must be borne in mind when specifying

wire, that frequent derangement of the line in consequence of breakages will speedily absorb a
small saving effected in the first cost, besides which, the annoyance caused by such derangements is

very great. It may be observed, however, that great tensile strength is not of primary importance
for ordinary work. What is required is rather a wire that will bear the bending necessary to make
joints, and to fix it to the insulators, than one that will bear a great tensile strain. Telegraph wire
may be tested for this quality by placing it in a vice and ascertaining the number of times it may
be bent to a right angle without breaking. Care must be taken that the edges of the vice do not
cut the wire, or the results of the experiment will be vitiated. Soft wire, though of inferior tensile

strength, will bear this test better than hard wire.

Wire is prepared by being drawn down to the required size from rods of rolled iron. These rods

should be perfectly free from cinders or dirt, as the presence of such impurities would occasion
imperfections in the wire. All imperfections of this nature, as well as splits in drawing and
imperfect welds, should be carefully sought for and broken out before the wire is erected. For
this purpose, it was usual formerly to lay the wire out in the line and to stretch it, and as this

stretching removed all tendency to spring and curl from being coiled in bundles, the process was
termed killing. Wire when killed is very easy to handle. This killing is now done at the manu-
factory by stretching it over a drum after it has been passed between rollers to break out the splits.

The expense of these operations will be amply repaid by a decrease of labour in erection and fewer
interruptions of communication occasioned by breakage. It should also be observed that killed

wire is scarcely acted upon by the wind at all, for it may be seen hanging comparatively still on the
poles, while others which still retain their irregularities are swinging violently to and fro. These
irregularities are also liable to occasion permanent contact, should the wires be blown together.

Such an accident cannot occur with killed wire.

The operation of jointing telegraph wire is an important one, and demands great care. The
most approved form of joint is that known as the Britannia, Fig. 7171. This joint is made by
bending up the ends of the wires to be
joined, binding them firmly together with ? 171 -

binding wire, and afterwards soldering Sa^MiMliM
the whole. The binding wire used for i fMflllll i llllllMIHI

this purpose is, for No. 8 gauge, No. 16

B. W. G., and for larger sizes, No. 11 B. W. G., of the best charcoal iron galvanized. A twisted

joint is not so strong as the Britannia, because the twisting renders the iron more liable to

break. Another objection to the twisted joint is its size, which increases its tendency to cling

when the wires are blown together. However strongly a joint may be made, it is not secure as

regards conducting power unless it is soldered. Even the method which is sometimes adopted, oí

cleaning the ends and casting an ingot of metal over them, is not sufficient. Electrolysis, and con-

sequently corrosion, invariably occurs in every connection if moisture is present. Chloride of zinc

ÏÏW



2986 TELEGEAPHY.

is used for soldering ; but when applied to any but perfectly clean and bright "wire, it should contain

a sufficient quantity of free acid to dissolve the oxide and remove the dirt. It is important that the

operation of soldering should be performed quickly, and at as low a temperature as possible, espe-

cially with hard wire ; because the heat softens the metal and diminishes its tensile strength. As
regards strength, joints are greatly superior to welds, but a practical difficulty prevents their general
adoption. When the wires are blown together, joints are very liable to catch and cause permanent
contact, occasioning, of course, a stoppage of communication. For this reason, they should not be
used at a greater distance than 10 ft. from the poles. To get rid, as far as possible, of both joints

and welds, it is desirable to draw the wire in long lengths. As much as 80 lbs. of No. 8 wire, equal
to one-fifth of a mile in length, may be drawn in one piece.

To test the tensile strength of telegraph wire, it is usual to place a length of 10 in. in a
hydraulic machine ; this length is chosen to render the calculation of the percentage of strain and
elongation easy and convenient. Tested in this way, a good piece of No. 8 wire will break with a
strain of about 1300 lbs. If tested with a scale and weights, and sufficient time is allowed for the
wire to stretch after each addition of weight, it will break with a less strain, or about 1100 lbs.

That such should be the case is self-evident when we consider that elongation diminishes the
sectional area of the wire. The scale and weights afford the best test, since it approximates more
nearly to the actual conditions that obtain in practice. Good wire begins to stretch with about half
the breaking strain. It has been ascertained that when a sample will break in the testing machine
with a strain of 1300 lbs., a length of 88 yds., which is the distance from pole to pole when there are

20 to the mile, will break in practice with a strain of about 1000 lbs. The following Tables of

examples of stretching and breaking strains are given by Culley. The first Table shows the
results of 27 different samples tested in 10-in. lengths by the hydraulic apparatus.

No. 8 Gauge.

Diameter before testing

„ after having been broken .

.

Percentage of stretch before breaking
Strain required to stretch the wire
Breaking strain

,

No. 11 Gauge.

Diameter before testing
,

,, after having been broken .,

Percentage of stretch before breaking
Strain required to stretch the wire
Breaking strain . . . . ,

Means.

0-151 in.

0-140 „
20
672 lbs.

1318 „

0-115 in

0-106 „
20

505 lbs.

776 „

Extremes.

0-147 to 0-153 in.

0-136 „ 0-144 „
19

600
25
750 lbs.

1250 „ 1440 „

0-112
0-100

19
400
740

0-120 in.

0-117 „
25
600 lbs.

850 „

The following are means of ten tests of wire of the same quality and from the same makers,
tested in lengths of 33J in. -by scale and weight, adding 56 lbs. at a time, gently and without jerk,

and waiiiug until the wire had ceased to stretch before adding more weight;

—

Percentage of stretch before breaking 11*2
Strain required to stretch the wire 901 lbs.

Breaking strain 1132 „

The following trials show the effects of annealing and of galvanizing ;

—

No. 8 Iron.

No. 1 Sample.

Before galvanizing
After „

No. 2 Sample.

Before galvanizing
After „

Mean Breaking
Strain.

lbs.

1138
1169

1090
1194

Mean Percentage of
Stretch before breaking.

18-75
12-88

19-39
13-09

Homogeneous Ikon, Nos. 11 and 12.

Breaking Strain. Percentage of Stretch.

Mean. Extremes. Mean. Extremes.

After „
before galvanizing
After „ ....

910 lbs.

612 „
612 „
634 „

830 to 1060 lbs.

500 „ 700 „
560 „ 700 „
560 „ 700 „

•92

20-05
20-05
11-64

0-75 to 1-25
17-00 „ 21-50
17-00 „ 21-50
9-00 „ 15-00
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The process of galvanizing has been improved since these experiments were made, so that tn e

elongation ,is not now so much affected.

The following Table, also due to Culley, shows some useful and important facts relating to iron
telegraph wire.

B.W.
Gauge.

Diameter.
Area of
Section,

square inches.

i

Weight of
100 Yards

;

in lbs.

Weight
of 1760
Yards
in lbs.

Weight
of 2029
Yards
in lbs.

Length of

1 Cwt.
in yards.

Breaking Strain in lbs.

B.W.
Gauge

Inches.
Milli-

mètres.
Soft
Wire.

Hard
Wire.

00 0-363 9-21 0-103 102-00 1794 2068 110 8600 6000 00
o- 331 8- 40 0-086 84-72 1490 1718 132 7100 4750

1 o- 300 7- 61 0-071 68-75 1210 1395 162 6000 4000 1

2 ()• 280 T 11 0-062 59-90 1054 1215 187 4850 ! 34C0 2

3 o- 260 6- 60 0-053 51-65 909 1048 215 4000 2900 3
4 o- 240 6- 10 0-045 44-00 775 895 235 3400 2500 4
5 o- 220 5- 59 0-038 37-00 651 750 303 2950 2200 5
6 o- 200 5- 08 0-031 30-56 538 620 361 2500 1800 6

7 o- 185 4- 69 0-0265 26-15 461 531 428 2200 1520 7
8 o- 170 4 31 0-023 22-10 389 448 509 1750 1200 8

9 155 3 93 0-0195 18-36 323 373 609 1500 950 9

10 0' 140 3 55 0-016 14-97 264 305 747 1200 820 10
11 125 3 17 0-0125 11-95 211 244 939 820 650 11

12 110 2 79 o-oio 9-24 163 188 1244 710 510 12

13 095 2 41 0-0071 7-05 124 143 1589 640 400 13
14 085 2 15 0-0057 5-51 97 112 2031 510 350 14

15 •075 1 •92 0-0014 4-29 76 87 2608 410 300 15
16 •065 1 •65 0-0033 322 57 66 3473 350 200 16

17 •057 1 •44 0-0026 2-48 44 50 4515 280 150 17
18 •050 1 •27 0-0020 1-91 34 39 5600 200 115 18

19 •045 1 •14 0-0016 1-55 27 31 7246 150 85 19

20 •040 1 •01 0-0013 1-22 21 24 9168 100 65 20
21 •035 •88 0-0010 94 17 20 11980 85 50 21

22 0-030 0-76 0-0007 0-69 12 14 16300 65 40 22

The Specification of the Electric Telegraph Company for iron wire wns as follows ;

—

" The wire to be highly annealed, and very soft and pliable ; it is not required to possess

great tensile strength, but must be capable of elongating 18 per cent, without breaking after

galvanizing.
" To be supplied in not less than 80-lb. pieces, and to be warranted not to contain any weld,

join, or splice whatsoever, and to be free from all imperfections, Haws, sand splits, and other

defects.
" The whole of the wire to be passed under and over three or more studs or pulleys placed in

two lines, the wire passing over the pulleys in the upper line and under the others.
" The whole of the wire to be stretched 2 per cent, by machinery in the presence of the

company's engineer or his representative, and to be tested, examined, and approved by him befor
leaving the works. The wire after being stretched to be coiled carefully, so as to contain no bends
but to resemble newly-drawn wire in its straightness.

" If during the process of testing the wire between the studs or pulleys, or during the process of

stretching it, more than 5 per cent, of the bundles break, crack, or show any defect, the whole of the
broken bundles to be rejected. If less than 5 per cent, prove defective, the wire will be accepted,

The makers are not to attempt to weld, join, or otherwise splice any wire that may break or prove
defective, but deliver it as it comes from the testing."

In ordering wire, a surplus of about 10 per cent, should be added as an allowance for slack and
waste.

The size of the wire used for telegrap h purposes is a matter of importance, and will to some
extent be determined by the conditions under which the line is required to work. The accompanying
diagram, Fig. 7172, shows the natural sizes of t he wire used for telegraphic purposes. The larger the

7172.

10 il 12 13 14 15 16

wire the greater its conducting power, and the less its electrical resistance as compared with that

of the insulators. In other words, the larger the wire, the greater the strength of the signal, which
can be transmitted through it to any given distance. Thus the effects of bad insulation can be
compensated, at least to a considerable degree, by increasing the size of the wire. The size usually

adopted is that known as No. 8, Birmingham wire gauge, and it has been proved in practice to be
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amply sufficient in conducting power, when insulation is good, for circuits not exceeding 400 miles.

For railway purposes and short circuits generally, if economy in first cost is an object of importance,

smaller sizes may be used. No. 10 will in most cases be sufficiently large, and for circuits of 100 miles

No. 11 may be employed. If the circuit does not exceed 50 miles the latter size will be ample. For
military telegraphs, where the circuits are short, and the wire has to be run up quickly, No. 12 is a

suitable size.

But in order to carry out economy in this direction, insulation must be good ; for it must be
borne in mind that the conductibility of a wire is, other things being equal, in proportion to its

size. Many instances might be cited in which, for moderate circuits, a No. 8 wire having worked
badly in consequence of imperfect insulation, the difficulty has been removed by the substitution

of a larger wire. Culley relates how the Admiralty circuit of No. 8 wire between London and
Devonport worked badly some years since when insulation was comparatively imperfect. Com-
plaints having become frequent, a No. 4 wire was substituted between Bristol and Plymouth. This
wire was not better insulated than the smaller one, perhaps even not so well ; but as soon as it was
placed in circuits the complaints ceased, and have not since been renewed. Again, a fault occurred

in the underground wire between Leith and Edinburgh, connected with the London and Leith

circuit, which was of No. 8 wire. In this case, as in the former, the substitution of a No. 4 wire

removed all difficulty in working, and the repair of the faulty portion could be proceeded with at

leisure.

The length of span, or the distance from one support to the next, is determined by numerous
conflicting conditions. Obviously the fewer the supports, the better will be the insulation, and as

a reduction in the number of the supports diminishes at the same time the cost of construction,

there are weighty reasons for making the span as long as possible. In the early days of telegraphy,

the poles were set 30 to the mile ; this number has been reduced to 24, 20, and, in a few instances,

17. An increase of span, however, introduces other conditions which speedily render further pro-

gress in that direction unprofitable. It does not appear that the wires have a greater tendency to

blow into contact with each other in long than in short spans, provided they be all of the same
gauge and are equal in tension, as under such conditions they keep time together in their oscilla-

tions. This objection therefore, though it has frequently been urged, is not a grave one. But a

moro important objection, and one that renders a less number than 20 poles to the mile in most

cases a practical impossibility, is the risk of accident consequent on the additional height of the

poles rendered necessary by the greater dip, and the increased strain on the wires. The number
usually adopted as best fulfilling the conditions imposed is 22, which gives a distance of 80 yds.

from pole to pole, a convenient number for calculation. The ordinary dip on the wires in a span of

this length is about 18 in. in mild weather; this gives with No. 8 wire a strain of about 420 lbs.,

its breaking weight being, as we have seen, 1100 lbs. The strain varies directly as the weight of

the wire, and inversely as the dip or versine. When the latter is constant, it increases as the

square of the span, and when the strain remains constant, the dip or versine increases in like

manner ; or, L2
: I

2
1 1 V : v. Thus if the dip be 18 in. when there are 22 poles to the mile and

the strain 420 lbs., with 11 poles to the mile we shall have a dip of 6 ft., or, if the dip remain at

18 in., a strain of 1680 lbs. From this it will be at once seen that a span of such a length is prac-

tically impossible. To find the strain in lbs. and the dip in inches approximately, the following
I
2 X io I

2 X v)

formulas are given by Latimer Clark ; s =
31>43 ^

,
and v =

31 . 43 x s
» in which s is the

strain, v the dip, I the length of span in feet, and w the weight in cwts. of one statute mile.

Another objection to the adoption of long spans is the friction of the wire upon its supports

occasioned by the action of the wind. In some instances where the wire has been supported upon
very hard and smooth brown ware, and the spans have been short, no appreciable wear has been
caused by this means in twenty-four years. But when the spans are long, and especially when the

wires are supported upon soft porcelain, the wear is very rapid. And it must be borne in mind that

as soon as the zinc is rubbed off, galvanic action may be set up so as to corrode the iron. No. 11

wire so frequently breaks from this cause on long spans that it has been found necessary to protect

it at the supports by wrapping it with binding wire. Even No. 4 has been chafed on spans of over

100 yds.

In wiring a line, allowance must be made for variations in temperature. With 20 poles to the

mile, a dip of 14 in. in a No. 8 wire is equivalent to a strain of 540 lbs., and the difference in dip

between 54° and 25° Fahr, has been ascertained to be 3 in., so that if a wire be pulled up to 14 in.

in mild weather, it will assume at 25° a dip of 11 in. only, which is equivalent to a strain of

700 lbs., more than half its breaking strain. Culley mentions an experiment in which a 200-ft.

length of No. 8 wire was suspended between two rigid supports so that the dip could be read off

upon a scale. The results were a dip of 17 in. at 33°, 18-5 in. at 43°, 19*5 in. at 53°, and 20-25 in.

at 63°.

The wire should be always tightly bound to the insulator, so as to reduce the friction to a

minimum. Formerly it was usual to allow the wires to pass freely through the insulators, and to

strain them by a drum or ratchet at every half mile. This method allowed a broken wire to run
down half a mile in every case. The present practice is to bind the wire to every pole, so that it

can never, if properly bound, run down more than 100 or 200 yds. The wire used for binding is

No. 16, and care should be taken in applying it to make all the turns in the same direction, as

otherwise it will not be firm ; for the main wire is twisted somewhat in the process, and when it

resumes its normal position, one side of the binding will be slackened, if the turns are made in

opposite directions. When the position of the poles is changed, or when a line is reset, the wire

should be carefully examined, and worn places either cut out, or, if the wear be slight, bound over

with binding wire.

The distance through which a broken wire will run down is shown by the following experiments,

related by Culley, to depend very much on the way in which it is bound ;

—
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1. " On a line of 24 poles to the mile a No. 4 wire was bound with a single No. 16 wire at each
insulator, and securely soldered so that it could not slip. When filed through in the middle of its

length, it tore itself from the fastenings throughout the whole distance.

2. " Next it was bound as before, but soldered at every fourth pole. It then broke away from
20 poles only. Here the unsoldered bindings allowed it to slip a little, and so eased the strain.

3. " Thirdly, it was bound doubly strong, but not soldered. The first binding stretched a little,

and all the arms were strained, but it did not tear itself away from a single pole. The wire, there-
fore, should be so bound as to slip a very little at each support, and so prevent a sudden jerk."

The wires should be placed as far apart as possible upon the poles, to prevent their being blown
into contact with each other. As they are still more liable to contact in the vertical plane, arms of
different lengths should be used so that the wires may not hang vertically one over the other, or
when space is limited, the insulators may be alternate instead of opposite. By these means, the
danger of a broken wire falling across the others is obviated.

Poles.—The material employed for telegraph poles is generally wood. Iron is, in many respects,

a more suitable material, it is stronger for a given size, lighter in appearance, and far more
durable; but the difference of cost is at present too great to allow it to compete successfully

with wood. Except in certain cases, therefore, which we shall describe later, the latter material
continues to be employed.

The dimensions of a wooden telegraph-pole are usually 18 ft. in length by a diameter of 5 in.

at the upper end. For level crossings, bridges and terminal poles, greater lengths up to 25 ft. are
required. In all cases they should contain the natural butt of the tree, the tops of trees being quite
unsuitable for this purpose. The latter are sometimes employed where economy in first cost is

considered to be of primary importance ; but their rapid decay renders the subsequent cost of main-
tenance proportionately great, and when the difficulties attending a frequent resetting are taken
into account, they must be considered as leading to a false economy. The kind of wood employed
is generally larch ; other kinds are, however, suitable. Memel pine is very durable, but is too

expensive for common use. Pitch pine is still more lasting ; the original poles on the London and
South-Western Railway were of this pine, and many of them are still sound, 1874, though they
were erected nearly thirty years ago. Spruce and Scotch fir decay very quickly, being scarcely equal
in durability to the tops of larch trees.

Larch should be cut in the winter when the sap is down and seasoned with the bark on. The
bark must, however, be removed as soon as the seasoning is complete, or the wood will be attacked
by insects. During the process of seasoning, the poles should be so stacked that they may be
exposed to the wind on all sides. Larch grown upon hilly ground is more durable than that raised

in other situations, by reason of its containing more heartwood. But such poles are seldom
straight. Unseasoned larch lasts, on an average, about seven years ; when properly prepared and
seasoned, it will last twice as long. If grown upon hilly ground, and having consequently the
heartwood well developed, unseasoned larch will last from twelve to fifteen years. The durabi-
lity of unseasoned poles may be considerably increased by charring them over a slow fire. But in

such a case they should not be tarred or painted until they have stood long enough to become
seasoned, or the wood will decay under the tar while remaining sound above. When the seasoning
has advanced sufficiently, the ground around the pole should be opened for a depth of about a foot,

and after the pole has become quite dry, the tar applied. The results will be more satisfactory if

the tar be applied hot. With seasoned poles, the application of the tar should follow immediately
the process of charring, before the wood has had time to cool.

Chemical means of preserving wood have been successfully applied to telegraph poles, and the
constantly increasing cost of timber will probably lead to their general adoption. Only two pro-

cesses have hitherto been found to give satisfactory results, namely, creosoting and boucherizing.

The former does not fail in any soil, and it possesses the advantage of not corroding iron. The
injection, however, can only be carried on at a large depot, by reason of the appliances requisite.

Boucherizing is free from this objection, as the necessary apparatus is both inexpensive and
portable ; and as the process may be readily overlooked and performed, it may be carried out in

the forest. The method of creosoting is so well known that we need not describe it here ; a few
remarks on it will be found under Kyanizing.

Wooden poles should be set from one-fourth to one-fifth of their length in the ground, according

to the nature of the soil and the strain they will have to bear. With a less depth of setting, they
will not have a sufficient hold on the ground in wet weather. Even with a depth of one-fourth,

poles are frequently blown out after a long rainy season, if the soil be weak. The severest strain is

thrown upon the poles when a snow storm, in which the snow freezes upon the wires, is succeeded

by a high wind. Against such a case no practical strength of construction seems secure.

On curves, and especially where the direction of the line is changed at an angle, stay-wires are

required. These generally consist of two or three lengths of the line wire twisted together and
fixed to a plate buried from 18 in. to 30 in. beneath the surface of the ground, or to some other

more convenient object. About 5 per cent, of the wire used is required for stays.

Wooden poles decay most rapidly at the ground line, and they are frequently repaired by
scarfing at their point. But to ensure satisfactory results, the repair must be effected before the

decay has progressed far, and well seasoned or creosoted wood should be used for the scarfs.

The experience of many telegraph engineers, however, seems to show that repairing poles does

not pay.

Iron poles, on account of their more elegant appearance, are being substituted for wooden ones

in towns. They are also very suitable for use in foreign and especially mountainous countries,

because, being capable of separation into parts, their transport is more easily and cheaply effected.

Another, and frequently a great advantage, is that they are proof against the ravages of the white

ant. Figs. 7173, 7174, represent a wrought-iron tubular pole as manufactured by Warden and Co.

It consists of two parts, a cast-iron base and a wrought-iron stem. The base is made in two halves,
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and is 4 ft. in length, 3 ft. of this length being fixed below ground ; the two halves embrace the

stem, and are secured by bolts. The stem is a taper wrought-iron tube, from 15 to 22 ft. in length,

making the length of tlie complete pole from 18 to 25 ft. The weight of the cast-iron base 110 lbs.,

and that of the 15-ft. stem 7Ü lbs., making the total weight of the 18-ft. pole 180 lbs. These poles

are also manufactured in a form suitable for use on rock, where it is not possible to sink a pole of

sufficient size to receive the ordinary base. The cast-iron base is, in this case, dispensed with, and
the base of the tube is secured to the rock by means of a jagged bolt leaded into the rock. Iron

stays of strong gas-pipe are used to support the pole. The stays have screwed ends attached to

collars surrounding the pole at about 4 ft. from the ground, the lower ends being provided with

jagged bolts also leaded into the rock. These poles are extensively used on the l>elni, Mauritius,

and some other railways, where they ure said to have been found very efficient.
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IX
Figs. 7175, 7176, a cast-iron telescopic pole by the same makers. This pole is made in three

pieces wholly of cast iron. The base is conical, the smaller end being fixed downwards, and the
stem consists of two tubes tapering in the contrary direction to the base. The upper length
sockets over the lower section, which in its turn sockets over the base ; an iron rod or wire secured
at both ends is passed through the interior of the pole to keep the parts firmly together when in
use. A cast-iron socket-piece is fixed to the top of the pole, into which socket-piece a suitable

support for the cross-arms and insulators is fitted.

These poles pack very conveniently for transit, the parts being so arranged that they slide one
into the other for this purpose. The weight of an 18-ft. pole complete is about 2 cwt.

Figs. 7177, 7178, are of Morton's oval telegraph pole, consisting of a galvanized wrought-iron
tapered tube, in two pieces, riveted together. The lower end of the tube is fitted with a cast-iron
foot or base, and a wooden top, finished by a small galvanized cast-iron cap, which may or may not
support an insulator, is socketed into the upper end of the tube. The section of the tube is oval,

and the rib or flange containing the rivets, on each side of the pole, is further stiffened by a plate
of iron inserted between the flanges; this adds greatly to. the strength of the pole in the direction
in which strength is chiefly required.

The galvanized-iron tube is 12 ft. in length. The wooden top varies according to the desired
length of the pole; for an 18-ft. pole its length is 6 ft., and its diameter at top 3£ in. The weight
of the tube and cast-iron foot is 98 lbs., and that of the wooden top, 20 lbs., making the total weight
of an 18-ft. pole complete, 118 lbs.

Insulators.—There are many substances which insulate well, but which, from their not possess-
ing certain other qualities, are quite unsuitable for purposes of insulation. In choosing a material



TELEGRAPHY. 2991

a primary point is to ascertain whether it will insulate perfectly independently of the nature of its

surface, for it must be borne in mind that the process of glazing an insulator is not to improve the

insulating qualities of the material, but to give it a hard smooth surface that shall be an advan-
tage in other respects, the object of glazing being chiefly to prevent the wearing of the wire by
friction, and the adhesion of dust and dirt. Another condition is that the material shall resist the

deposition and the retention of moisture. Thus a porous substance is quite unsuitable. The only

material that insulates perfectly and possesses naturally a hard smooth surface is glass ; but expe-

rience has shown it to possess also certain defects which have rendered its abandonment necessary.

Moisture is very rapidly deposited on it, and in such a way as to form a continuous film, and its

fragility is such that it cannot be relied upon. It is, however, still extensively used in Switzerland,

and a novel form of insulator of blown-glass has been introduced in America. The form is that

of a narrow-necked bottle, and several trials made to test its efficiency are said to have given
satisfactory results. Ebonite is for a time the best available material for insulators ; it insulates

well, it very effectively resists the deposition of moisture, and it is very strong ; but a few months'
exposure to atmospheric influences makes its surface rough and spongy, and consequently favour-

able to the retention of moisture and dust. When in this state, it is inferior to earthenware ;

but we have only to re-polish it to render its behaviour as good as when first erected. Such a
defect, however, renders it unsuitable for general adoption. Next to glass, porcelain possesses the

best surface for resisting accumulations of dust and dirt, and for this mi son it is selected wherever
the line is exposed to smoke, dust, or salt spray. It does not appear to insulate better than good
stoneware, whilst its cost is much greater. Brown stoneware is the cheapest, and for ordinary

use the best, material for insulators. It is usually made from clay dug on the spot, and as it does

not require an admixture of other materials, it is likely to be uniformly good.
The forms of insulators are very various. The most approved, and those which are now most

commonly used, are known as Clark's and Varley's. Figs. 7179, 7180, represent Clark's insulators

in elevation and section. It consists of a double bell in white porcelain, and is provided with a taper

galvanized wrought-iron stem. This form of insulator is extensively used, and when of brown
stoneware is found to be both efficient and economical. Figs. 7181, 7182, are of Varley's double
insulator. It is of brown stoneware, and is fitted with galvanized wrought-iron shoulder-bolt and
nut. These insulators consist of an outer and an inner bell, manufactured and tested separately

before union. They are made in three sizes to suit No. 4, Ko. 8, and No. 11 wire. For efficiency

and economy of maintenance this form of insulator is probably unequalled. Figs. 7183, 7184, an iron-

protected insulator, consisting of a double bell of either white porcelain or stoneware, protected by

7181. 7182.

7179. 7180. ,7183. 7184.

7185. 7186. 7187.

a galvanized cast-iron cap. and provided with a galvanized steel, or wrought-iron stem. Fig. 7185
is another iron-protected insulator also consisting of a double bell of either porcelain or stoneware,
and protected by a galvanized cast-iron cap perforated to admit of the lower portion of the insulator
being washed by the rain. Fig. 7186 is a common form of terminal insulator, known as the
umbrella form. It usually consists of a stout insulator of either porcelain or stoneware, and is pro-
vided with a strong galvanized bolt, with nut and washers, so as to be suitable for both wooden and
iron arms. Bright's double-bell shackle insulator for terminating wires is represented in Fig. 7187.
These are of porcelain, and the straps and bolts are either painted or galvanized. This form of
insulator may be fitted in pairs, as shown in Fig. 718S, for terminating and leading in wires to

stations, or for use on sharp curves and at angles.
The advantages of iron caps have been greatly overrated. Indeed, it seems probable that, except

in certain exposed situations, their use is attended with positive disadvantage; for, though they
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keep the outer surface dry, they do not prevent the accumulation of dust, and they afford a harbour
for insects, especially spiders, whose webs conduct when damp. Moreover, they do not altogether
prevent the deposition of moisture, so that this advantage which is claimed for them is not wholly
real, while, by protecting the surface from the washing action of the rain, they tend to aggravate
the evil caused by dust. The only means of protecting insulators against the latter is to make
their surfaces hard and smooth, and then to leave them completely exposed to the weather. This
is especially the case with coast lines, where the deposition of salt is more troublesome than dust.

For this reason an insulator should not be placed under an arm, but above it, as in the former case
the surface of the insulator is partially protected, and is consequently always dirty. In some
parts insects are very troublesome, and when the line passes near or under trees, it is well to make
the openings of the insulators wide so as to be less attractive to insects and more easily cleaned.
Paraffin oil is perfectly effectual in repelling insects for a time, and it possesses the additional

advantage of improving the insulation; the latter effect will last six months. Creosote in the poles
will also repel insects so long as its smell remains.

To test insulators in the trough, place the insulating cup in a vessel of water made slightly

acid; some acidulated water being poured into the cup, smear a little turps on the rim, and let it

remain twenty-four hours. At the expiration of this time immerse the poles of a battery in the
water, one inside and the other outside the cup, a very sensible galvanometer having been included
in the circuit. If the needle exhibits any deflection, the circuit is complete, and consequently the
insulator is imperfect. The imperfection usually arises from porosity and cracks in the material.

Culley gives the following method of ascertaining approximately the comparative value of

different shapes ;

—

" The best method of testing is to fix as large a number as convenient, certainly not less than
ten of each kind, upon a pole, connecting them by a wire to the present line wire, and fixing a
second independent wire to their bolts, to represent the earth, and to determine the leakage from
one wire to the other.

" To obtain good results, the following precautions are necessary :—Fix a pole not less than
20 ft. high in an open place not sheltered in any way on any side, place the arms on which the
insulators are to be fixed at least 2 ft. apart, the insulators themselves a foot apart. Do not place
all of the same kind together, but rather alternate or mix them as much as possible so as to obtain
an average of exposure for all.

"Take special care that the wire representing the line touches each one closely all round and
uniformly as to the number of turns ; let it be all the same gauge. The object is to ensure equal
surfaces of metal in contact with the porcelain, because the leakage takes place from each point of
the wire over the surface of the insulator, and consequently if the wire does not touch uniformly,
the leakage will vary with the variation of the surfaces in contact. If possible, divide each set of
ten in half, making duplicate sets of five each. If these do not test alike, there is probubly a defec-
tive insulator among them, which will vitiate the test, and which must be removed. Never use
separate gutta-percha or other insulated leads from each set to the testing room, for these will

become more or less damp on their surface, and will vary in insulation, one from the other, more
perhaps than the insulators themselves. Use only one wire, employing a man to shift it from one
set to the other.

" It is seldom that rain falls steadily and uniformly, so that if the testing Lists even five minutes
there will often be a considerable difference in the amount of moisture during the interval. After
testing all the sets, commence again in the reverse order ; if the two series agree, the observation is

a good one. As the object of such tests is not so much to find the absolute resistance of the several
specimens as to ascertain their relative value, it is better not to occupy time in testing units, but
rather to read a simple deflection so that the tests may be made as rapidly as possible, ensuring the
greatest possible uniformity of circumstance ; but, with the greatest precaution, the tests will fre-

quently be extremely anomalous.
" Speaking generally, the best insulator is not that which tests best when quite new, but that

which bears exposure the best ; and therefore no tests are of any value which have not extended
over several months. However carefully this experimental testing may be conducted, it is not alto-

gether satisfactory ; the only true method is to insulate two wires on the same poles for a distance
of ten miles or more, and to test them every damp day for six months. It is useless in any case to
test in dry weather.

'• I will give the result of tests made in a situation quite free from insects, but somewhat smoky
—Gloucester Road, Regent's Park, during twelve months, 1868-69 ;

—

Mean Comparative Loss.

Brooks' double cup (American glass) . . . . 5 parts leakage
Varley's ordinary size 20 „ „
Porcelain .. 26 „ „
Double cones, porcelain 51 „ „
Shackles „ 82 ,, „

" The porcelain insulators were very much wider than the Varley's to render them less liable to
be blocked up by insects. The test, therefore, does not show the difference between stoneware and
porcelain so much as that between a wide and a narrow opening.

" The effect of iron caps may be judged from the following ;

—

Porcelain, without caps 38 parts leakage.

„ with open caps (or cages) . . . . 44 „ „
„ with closed caps 55 ., „

Small earthenware insulator, without caps . . 40 „ „

„ „ „ with open caps 50 „ „
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"The tests also show that with a wide cup a bracket gives a better result than an arm, probably
because splashing is avoided ; the leakage being 26 and 38 respectively.

"New insulators may be dipped while dry and hot in melted paraffin with excellent results, but
it is not certain whether the surface may not retain dirt more easily."

On short lines, good insulation is of less importance than on long lines. "When, therefore, the

line is a short one, simple and cheap insulators may be used, and their maintenance need not be
very carefully looked after ; but when the line is long, it becomes necessary to employ the best

kinds, and to keep them in a perfect condition. If the insulation is defective, and there are no
practicable means for improving it, the resistance must be lessened. This may be effected either by
using a larger wire, or by diminishing the resistance of the apparatus. A method of reducing the
resistance on long lines by the use of shunts has recently been tried with good results.

Earth Wires ana Plates.—The use of earth wires being to intercept leakage and to convey it to

earth, it follows that they must make good earth or their effect will be rather injurious than other-

wise. A good earth connection may be formed by attaching a thick wire to the pole, and coiling it

in a spiral beneath the foot. When the soil becomes dry from long drought, the earth wires become
partially insulated, and they do not make good earth until the ground has become damp. The evils

resulting from this may, in some degree, be avoided by placing the wires deep in the ground, or in

some cases, by conveying them to damp ground. From the main wire which is fixed to the side of

the pole, branches of binding wire are carried to the insulators. They should be soldered to the
insulator bolts or to the iron bracket holding the insulator, these brackets being provided with a
tinned iron pin for that purpose. When wooden arms are used, the earth wires may be wrapped
closely round them, or sank in a saw groove. To convey the leakage through the wood, as well as
that over its surface, to earth, they are screwed tightly between the head of the bolt by which the

arm is fixed, and its washer. This method is, however, not so effectual as the former. If it is

necessary to use earVn wires on viaducts, they must be run from pole to pole and put to earth at the

nearest convenient place.

The shorter the circuit, the more need there is for a good earth connection. Frequently the

inefficiency of a telegraph is due to the want of such a connection. In some localities this difficulty

makes itself felt more than in others, those places being especially unfavourable where the rock lies

Close to the surface. The plates used to form the earth connection, called earth plates, are of copper,

and they should be buried in the upright position in a narrow trench, which should be filled up on
each side with smith's ashes or wood charcoal. Frequently good earth cannot be obtained from a
single plate, and in such a case others must be put down at distances of 20 or 30 yds. apart and
connected by wires. When there are several circuits, the earth plates provided for each must be
placed at such a distance apart that the resistance of the soil between them may be much greater

than that of the shortest circuit. If this should be impracticable, it will be necessary to increase the
resistance of the shorter circuits by means of resistance coils, otherwise the tendency to leakage from
the circuit of greater to that of lesser resistance will make itself felt. When water or gas pipes are

conveniently situate, they may be employed instead of earth plates. The former are preferable to

the latter. Lead pipes are objectionable, for if the earth connection at one end of the circuit be a
lead pipe and at the other end an iron pipe, a permanent current will be set up. For this reason, it

is safer to make a connection with a pipe out of doors.

Underground Wires.—In towns it is often necessary, or at least convenient, to place a line of
telegraph underground. Some years ago attempts were made to employ the system more exten-
sively, but these attempts ended in failure. The success, however, which has attended the use of

underground lines recently laid in towns shows that failure in the former case was due to bad
manufachu'O and imperfect methods. But though an underground line, if laid now, throughout a
great number of miles, would certainly be an engineering success, it would fail commercially on
account ol the great excess of cost over pole-work. It is not, therefore, likely that an attempt will

be again made to extend the system beyond the boundaries of towns, though within those limits its

adoption will probably soon become general.

The mode of laying underground wires is either to draw them into a pipe, or to place them in a
kind of trough fitted with a movable cover. There are advantages attending each of these methods.
The wires can be much more easily laid into the trough than drawn into the pipe, and there is also

less risk of injuring them during the process ; but, on the other hand, it is much more difficult to
execute repairs in the former than in the latter. Pipes are more frequently employed than troughs,
and they have been found in all cases to fulfil the purpose required very efficiently. They are
usually laid under the flagstones, and at every hundred yards, or closer, if the line be curved, are
placed oblong drawing-in boxes, 30 in. by 11 in. and 12 in. deep ; these boxes are provided with
lids formed of an iron frame, into which a piece of flagstone is set. To prevent rust, the pipes
should be tarred inside while hot.

Each wire is usually spun over with tape. The percha and tape or hemp, if the latter be used,
should be well covered with Stockholm tar and sprinkled with dry, sharp sand. Gas tar should be
avoided, as its action is injurious. It has been proposed to employ bitumen instead of percha or
rubber, on account of the cost of the latter substances. Bitumen insulates very well, but with the
present methods of applying it, it does not appear to give satisfactory results.

The wirec are sometimes put together in cables 400 yds. in length and covered with braided
hemp ; but more commonly they are simply tied together in bundles. When repairs are required
a new cable is connected in a loop between the sound and the faulty portions at one of the drawing-
in boxes, so that the act of drawing out the old cable pulls in the new. The joints should always
be made at the same part of the cable, that they may be readily found when necessary. All joints
must be tested by the accumulation process, and the conductibility and insulation of each length
fully ascertained both before the wires are laid and after. Indeed, almost as much care is required
for a long subterranean line as for a submarine cable.

It has been found that when a buried wire becomes faulty from the conductor having become
9 E
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exposed through a defect in the coating, the action of the positive current in signalling decomposes

the salts contained in the soil, and forms combination with the copper of the wire. This tends to

make the insulation appear better, while the negative current increases the leakage by depositing

copper upon the wire and breaking up the badly-conducting mass formed by the copper current.

For this reason the zinc current is always used in testing insulated wires. It may be remarked

here because the precaution is often neglected by workmen, that testing exposed pieces of covered

wire should be carried on in damp weather, for in dry weather a serious fault will hardly make
itself apparent upon the apparatus employed. It is also well to accustom workmen to use a sensitive

galvanometer in testing, as they usually judge of the degree of leakage by the amount of deflection

shown on the instrument irrespective of its sensibility. A buried wire may be tested for insulation

by the tongue by ascertaining how long it will retain sufficient charge to produce a shock. It is

charged by a battery, allowed to remain insulated from one to ten minutes, and then placed upon
the tongue or the lips. This method is said to be extensively employed in the United States.

Testing Joints and for Distance of Fault.—The following lucid description of the methods of

testing for the distance of a fault and of testing the joints in insulated wire is due to R. S. Culley.
" The methods of ascertaining the distance of a fault, measured in terms of resistance, in a

cable where a wire is not broken, are as follows ;

—

" First, let it be supposed that a perfect earth connection exists at the fault. Then the resist-

ance from either station measures the distance from that station; that is, if the resistance is 28, and
the resistance a mile 14, the fault is two miles off. By testing from one station only, no one can know
whether an earth connection has a sensible resistance or not, or what that resistance is. This test

should only be used when the wire is broken, as well as to earth, and it only affords a means
of roughly guessing the position of the fault.

" Second, let it be supposed that the fault is caused by an earth connection of some definite

unknown resistance. In this case we may test from both stations, measuring the resistance each
way, while the other end of the wire is insulated. Let these measured resistances be R and R'.

Then we have the two equations,

X
Í a

=
R'

Where
*
= dÌ8tanCe fr0mXTd

) in terms of resistance.
y + a = K „ y = „ „ other „ J

and also x + y

hence x -

„ a = resistance of fault.

L „ L = known resistance of whole line ;

L + (R - R')

" If the resistance a remains sensibly constant, or is small compared with x and y, this will give a
very good approximation. But there may not be two men capable of testing at the stations, or only

one set of instruments, and then the following test, from one station only, may be employed. First,

measure resistance of the line when the far end is insulated ; call this resistance I. Then measure
resistance with far end of earth ; call this resistance e, which will be less than the previous one, and
let L = resistance of line as before, then we have,

First, x + a = I.

1
Second,

1 1x+ -+ -
« y

Third, x + y = L.

Hence x — e — V(L — e) (I — è).

P>ut this test also assumes a to be a constant quantity, which, unfortunately, it very seldom is.

The earth connection is generally accompanied by some moisture, and the electrolysis produced by
the very currents used in testing, alters the resistance of that connection.

" Hence, the following test, due to C. F. Varley, in which the resistance of the fault, whether

great or small, constant or varying, does not affect the accuracy of the result, should be employed
whenever possible. It can, however, only be used where a good or. well-insulated return wire from

the far station is available.

Let 2 L = resistance of the two lines.

y — distance of fault from testing station—in resistan

x = distance from far station.

First make the connection shown in Fig. 7190, by which no part of the line is to earth except

at fault. L' line with fault in it. L well-insulated line. Let S be the value of the coils when
adjusted, so as to bring the differential galvanometer to zero, then S = 2 x + 2 y, and the resist-

ance of the fault will in no way affect this test, since the fault itself does not form part of the

circuit. If the resistance of L has been determined previously, this test may be omitted.

7189.

L.

7190.

J^

WW
" Then make the connection shown in Fig. 7189. Adjust the coils afresh till the galvanometer

needle is brought to zero, and the resistance C then added by the coils will be such that
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C + y = y + 2x, or C = 2 a?. The fault of which the resistance is unknown, is of course equally-

added to the two circuits in connection with the two brandies of the galvanometer, and has there-
fore no effect on the resistance C, required to bring the needle to zero. It will be observed that
C 2 x x
g = 2r ,

-r =
J-

expresses the fraction of the whole line, separating the fault from the distant

station. It is in this way Varley uses his test ; the inspector puts a handle in one position, adjusts
his coils till the needle is at zero, writes down the number as denominator, moves the handle to a
second position, adjusts the coils again, and writes the second number as numerator, the fraction
gives the position of the fault as above ; we can, however, easily if we please, calculate y in function

of resistance, and obtain y = —-— •

" The plan of observing the numbers, and using them to form a fraction, is, however, found well
suited to workmen or telegraph clerks.

" When the line is absolutely broken, the accident must be classed under a different head. Tha
absence of continuity does not allow any use to be made of the distant station. If the line is in
perfect contact with the earth where broken, the measurement of its resistance will give the
distance in function of resistance ; but if the contact is imperfect, this measurement only gives the
sum of the resistance due to the distance, and that due to the fault. The resistance of the fault
cannot then be accurately measured.

" If the line where broken is insulated, and the line is, moreover, well insulated up to the fault,
the following test, called the discharge test, gives some clue to the position of the fracture. The
home end of the line A, Fig. 7191, is connected with one pole of a battery B for a little while, it is

then, by a key, suddenly connected to C, one end of a galvanometer coil, the other end of which is

to earth. The statical discharge induced on the wire by the action of the earth and the battery is

thus discharged through the galvanometer, the needle of which is thrown more or less violently to
one side ; the throw is greatest on a long line, and shortest on a short line. If the line were
uniform throughout, the sine of half the angle of the throw, with a given electro-motive force of the
battery, would be proportional to the length of the line. The distance of the break or rupture
could thus be determined, if the discharge from any known length were known ; in dry weather, on
a good line, this test may occasionally be used with great advantage.

insulated' E
£atzery ÏI92.

TTTTT7
— imruZated- C

B insulated' D1 #
" Accidental contact between wires is shown by a return current on the second line, connected

as in Fig. 7192, the resistance A + B gives twice the distance if the contact is perfect. If the
contact id imperfect, or is due to bad insulators, the proportion between the current starting from
A, and returning to B, when O and D are insulated, gives some rough idea of the degree of im-
portance of the defect, whether much or little. In Fig. 7192, F is the conductor connecting the two
lines, and causing fault.

" We will now consider the more difficult problem, of a cable where all the wires are broken and
exposed. The ordinary tests merely give a maximum distance within which the fault must lie, but
this distance is never accurate within three or four miles. The following method will be correct,

within half a mile, or less, if the length and resistance per mile of the cable are correctly known.
" The difficulty of the problem arises from several causes :

—

" 1. As the ends are exposed, they form galvanic elements or batteries, with the iron sheath and
the salt water, so that a + current flows from the cable, through the testing galvanometer, to earth ;

this is steady and constant if the cable is not disturbed.
" 2. We have to deal with two unknown resistances ; that of the wire itself, and that between

the exposed end and the earth ; the first is constant, the second very variable, because—
" 3. The action of the current alters the resistance at the point at which the metal touches

the water, by coating it with substances which differ in conductibility ; and at the same time
the apparent resistance is still further altered by the currents of polarization set up by these

substances.
" The action which takes place can be shown by placing a piece of cable in a glass filled with

salt water, and applying a current from forty or fifty cells, one pole of the battery being connected to

the iron sheath, the other to the copper conducting wire. The portion of the cable connected to the

zinc, gives off a stream of hydrogen, while the other becomes coated with a chloride of the metal.

Thus, if the negative pole is connected to the conductor, and the positive to the sheath, chloride of

iron is formed, and if the connections are reversed, chloride of copper is produced.
" Let us now connect a galvanometer to the cable, in such a manner that the current from the

cable battery of copper and iron in salt water, called the ' cable current,' shall deflect the needle to

the riqht ; the iron element being, of course, always on the earth. If a negative current is now sent

into the cable, its direction coincides with that of the cable current, and does not aii'ect the direction

of the deflection. But the superior force of the testing battery overcomes the cable current, and
polarizes its elements. The copper wire becomes coated with hydrogen, the iron sheath with
chloride of iron, so that when the testing battery current is cut off, and the cable battery is again free

to act, its action is reversed, and the needle moves to the left, under the influence of the current of

polarization. But the hydrogen gradually enters into combination and disappears from the wire,

the polarization ceases, the needle returns towards zero, passes it, and finally takes up its former
position to the right, under the influence of the cable battery in its normal state. On the other hand,

9 e 2
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if we test with copper instead of zinc, the needle is deflected to the left, the cable battery again acts

as a decomposition cell, but the polarization is now in an opposite direction, the copper being coated

with its chloride, and the iron with hydrogen. "When the testing current ceases, the needle therefore

moves to the right, and continues permanently deflected in that direction, because the normal current

from the cable battery is now in the same direction as the current of polarization.
" If we apply a succession of short zinc currents, after the wire has been coated with the chloride,

the needle will take up a right-hand deflection after the buttery contact has been broken ; but the
deflection will decrease after each test, and will finally be reversed. The deflection to the right is

due to the polarization set up by the chloride of copper, each application of the zinc current reduces
a portion of this chloride, and assists also in removing it mechanically by the action of the hydrogen,
until after a time the" chloride disappears, and is replaced by hydrogen. The sign of the polarization

is then changed, and the direction of the needle changed also. But there is a moment when the
opposite actions of the hydrogen and chloride are apparently balanced, so that the cable battery is

inert, and the end of the wire unpolarized and probably uncoated. Then, and then only, can its

correct resistance be determined. The object of the special method of test is to produce this

condition.
" The test for distance is best made with a differential galvanometer. First ascertain the

approximate resistance in the ordinary way, and clean the end of the wire from the dirt and the
salts with which it will be coated, by applying a zinc current for several hours, occasionally reversing
it to get rid of any deposit of soda which may occur. The surface will be roughened by the re-

deposit of the copper, which has been dissolved, and will therefore more readily throw off the
hydrogen evolved by the zinc current. Next, apply a positive current for the purpose of coating the
wire with chloride of copper, and finally test with the negative current. The action of the current
set up by the chloride of copper will make the resistance appear less than it really is ; but as the
chloride is gradually reduced by the testing current, in the manner which has just been explained,

the resistance will appear to increase, moment by moment, and the resistance coils must be length-
ened, unit by unit, to balance the resistance of the cable, so as to keep the needle at zero, until it

passes over to the opposite side suddenly, under the influence of the change of polarization, caused
by the copious evolution of hydrogen, which will follow. The increase of apparent resistance, and
the consequent movement of the needle, is slow and gradual, so long as the hydrogen is employed
in reducing the chloride ; but after the reduction is complete, and the chloride has disappeared, the
increase in resistance is enormous and almost instantaneous. Unless, therefore, the resistance of the
cable has been carefully balanced, so as to follow the variation of the current throughout, the test

will not succeed, because the neutral condition lasts too short a time to permit the adjustment of

the resistance coils.

" In any case a certain dexterity is required, which can only be obtained by practice ; but
fortunately the practice may be had conveniently upon an artificial fault, or a piece of percha wire
in a tin can, filled with salt water, and connected to a set of resistance coils. Induction does not
affect the test, and as in any ordinary cable the insulation is practically perfect, its resistance can
be represented as accurately by a rheostat as by an actual cable. The higher the tension of the
battery, the less does the opposing current of polarization affect the result, for its force seldom
exceeds two or three cells. The measurement is therefore made with a battery of as high a tension

as can be conveniently procured, sixty cells or more.
" The behaviour of a fault varies with the length of wire exposed, a short end polarizes and

depolarizes very rapidly, its changes in resistance are correspondingly rapid and its resistance great.

If the end is long, the changes are slower and are more readily observed ; the resistance of the fault

is also less.

" After having well studied the changes of the fault itself, make an artificial fault by placing a
piece of the cable core in a tin can filled with salt water, and alter the length of the exposed wire
until it behaves in the same manner as the cable, and then find its resistance, which will be very
nearly the same as the real fault ; so that the distance of the break will be the tested resistance of
the cable less that of the artificial fault.

Inches of copper wire exposed • •
i
8

i
4 I 4 1

6 60 6 60 6 60 6 60 6 60

Units of line added 25 296 96 270 84 259 79 233 75 226 72
50 325 121 299 109 287 104 261 100 255 98

100 385 172 357 160 345 155 319 151 312 148
150 443 223 416 211 403 205 376 202 369 199

200 502 274 475 262 '461 256 433 253 426 250
250 561 325 533 313 519 307 489 304 482 301

300 620 376 592 364 577 358 546 355 539 352
, 350 679 427 651 415 636 409 603 406 596 402

400 738 478 709 466 694 460 660 457 653 453
450 796 529 767 516 752 510 716 507 709 503
500 ! 856 580 825 567 810 561 773 558 766 554

1000 1440 ¡1090
1 1

1406 1076 1392 1070 1339 1066
1

1332 1062
1

" The foregoing table was formed uDon a piece of the Dunwich-Zandvoort cable, in a vessel of

eea-water, and shows the manner in which the apparent resistance varies with the tension of the
battery, the resistance added by the rheostat to represent the cable, and the length of the exposed
wire.
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" It is a convenient plan to form a table of the resistance of ends of various lengths with six and
sixty cells, adding resistance by a rheostat, using the negative current and allowing the end to take

up its maximum resistance. The tests with the six cells will be always higher than those with sixty,

that is to say, the resistance of the end will always appear higher when tested with the lower

power, and the difference between the apparent and real resistance will also increase gradually, as

the length of the cable itself, or the resistance added by a rheostat increases ; the length of exposed
wire being constant.

" If a cable is found to give, with six and sixty cells, two results corresponding to some two in

the table ; it is probable that the length and resistance of the end is the same as that of the arti-

ficial fault used in the formation of the table, and therefore that the resistance between the testing

station and the fault is equal to the resistance added to the artificial fault.

" So much, however, depends upon the manner in which the tests for the table were taken, or

upon what we may call the ' personal equation' of the observer, that everyone should form a table for

himself. The cable must be treated in precisely the same manner as the artificial fault, and there-

fore no table will be perfectly correct unless it is made just before the table is ttsted, in order that
the precise manipulation may not be forgotten.

" The Testing of Joints in Insulated Wire.—A joint should insulate as well, or nearly as well, as
an equal length of the perfect core, and the object of the test is to ascertain if this be the case. Now
the leakage, even from a considerable length of good core, is too small to affect the galvanometer;
but, although the electricity which escapes moment by moment cannot be measured, still if it were
possible to store up the loss during a minute, and compel it to pass instantaneously through the
coils, it would produce a sensible deflection.

" In order to effect this recourse is had to induction ; a metallic trough, sufficiently large to con-

tain 2 ft. or 3 ft. of the core, is suspended by straps or rods of polished ebonite, 2 ft. or even 3 ft.

long. A small condenser is attached to increase its inductive capacity and enable it to store up the
electricity which may leak through the percha. The testing battery, of not less than 200 cells, is

insulated in a similar manner, and all loss over the surface of the conducting wires is prevented by
paring their ends, so as to expose a fresh clean surface, or even by coating them with hot paraffin.

" To ascertain if the apparatus is sufficiently insulated, the trough and condenser are charged,
and the swing of the needle, from an immediate discharge, noted. They are then re-charged, and
left free for a time equal to that to be occupied by the test, and again discharged. The difference

in the swing shows the loss in the time, and should be very small.

"The joint is placed in the trough, a negative current is applied to the cable, and the positive

pole of the battery is connected to the outside coating of the condenser. Any leakage which may
occur through the percha is by this arrangement accumulated in the condenser, and may be dis-

charged through the galvanometer after any given interval.

"It is possible to find how much is lost by defective insulation during the joint test itself; but
as both core and joint are subject to the same conditions, and the object is simply to see if one
insulates as well as the other, this precaution does not seem to be absolutely necessary.

" To make the test. 1st. Place the joint in the trough—leave one end of the cable free ; connect
the copper pole of the battery to the galvanometer ; connect the other terminal of the galvanometer
to the trough ; and, finally, charge the cable by applying the zinc pole. The charge within the
cable acts inductively upon the natural electricity of the trough, the wire being in fact the inner,

and the water the outer coating of a Leyden jar. A portion of the negative electricity of the water
is set free, and an equal quantity of the positive is held fast or disguised by the negative charge
within the cable. The free electricity is at once neutralized by the action of the battei y ; if it were
not so arranged, it would increase the apparent leakage from the cable, being of a similar sign.

The deflection or swing due to the discharge being instantaneous, it follows that if the needle
remains deflected after the discharge, the joint is very bad, or there is leakage over the surface ot

the percha. The latter may be conducted to earth so as not to interfere with the te&t, by wrapping
an earth wire round the core a few feet from the free end.

"2nd. Without disturbing the charge of either cable or trough, connect one coating of the

condenser to the trough, the other coating to the + pole of the battery, the zinc being to the cable

as before. Any negative electricity which may leak from the cable will now accumulate in the
condenser. Allow one minute for this.

"3rd. Disconnect the condenser from the trough and battery, and discharge it through the

galvanometer. If the trough and other parts of the apparatus have been well insulated, the swing
will show the accumulated leakage from the portion of core under test. It is evident that these

charges must be made by perfectly insulated keys and commutators.

"It often occurs when there are several wires in the cable, that the apparent leakage is greater

from the joint which is first tested than from any other joints tested at the sanie time. This arises

from the charge in the first wire acting upon the others inductively. The wires not under test

should, therefore, be put to earth until they are wanted, and the condenser and trough should be
perfectly discharged between each test.

" It will be understood that the results are simply comparative, not absolute ; all that the method
effects is to show the difference between the insulation ôf a joint and that of any other part of the

core.
" This method somewhat differs from that ordinarily adopted. It is usual to put one pole of the

battery to earth ; but in this case leakage takes place over the whole cable, however long it may be.

By the plan described, the leakage is confined to the part in the trough, and the whole force of the

battery is concentrated there, and the apparent leakage exaggerated."
Submarine Telegraph Cables.—The nature and the construction of submarine telegraph cables are

so clearly and fully described in the following extract from a paper read by Fleeming Jenkin
before the Institution of Mechanical Engineers, that we need do no more than quote it here ;

—

The essential parts of a sul\marine telegraph cable are, a conductor along which the electric
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current may flow, and an insulator to surround the conductor and completely prevent it from coming
in contact with the water. In selecting wire, the method followed by the manufacturers of telegraph

cables is to select, by electrical teat, a wire whose conducting power is about 20 per cent, less than

that of pure copper.

In the common cable a wire or strand of copper forms the conductor, which is covered and insu-

lated by gutta-percha. This core of gutta-percha covered wire is served with tarred yarn, round
which a greater or less number of iron wires are laid spirally, to afford longitudinal strength and
lateral protection.

A cable of this class is shown in Figs. 7193 to 7195, which represent the Malta and Alexandria

telegraph cable, laid in 1861, drawn full size ; the copper conducting core A, Fig. 7195, is shown
black in section, and *s surrounded by three coatingä of the insulating gutta-percha B.

7194.

Ï193.

A solid wire would be preferable electrically to a strand, for the same reason that copper of smal
electrical resistance is preferable to copper of high resistance, the object being in all cases to obtain

the greatest conducting power within a given circumference. The interstices in the strand diminish
the conducting power for a given size, and the gutta-percha sheath must be of proportionately larger

diameter to give the same speed of transmission and the same insulation as when a solid core of equal
weight is used. When large conductors are required, however, a solid wire is not found flexible

enough ; and, moreover, a single copper wire is found liable to break inside the gutta-percha, without
any external symptom of injury being seen ; for these reasons a strand is almost universally adopted
for large cores.

In the cables first made, the interstices between the wires of the strand were left vacant; but it

was found that under continued pressure the water invariably penetrated into these vacant spaces and
percolated along them. This was thought dangerous for various reasons, and therefore the Gutta-
percha Company now lay up their strand in an insulating compound called Chatterton's compound,
consistine: of gutta-percha and resinous substances, which so completely fills the spaces that a
pressure of 600 lbs. a square inch cannot force a single drop of water 6 in. along the finished core

;

other makers have adopted the same plan. The cables, Figs. 7193, 7194, 7196, have this compound
between the wires of the strand; while the Red Sea cable, Fig. 7197, and several earlier cables are

without it.

7198.

7196.

7197.

7199.

7200.

The manufacture of the copper conducting strand is extremely simple. Owing to the soft nature

of the metal, it seems to be of little importance whether the wire is twisted in making the strand or

not; although in the outer iron sheathing of the cable it is of special importance for the wires to be

laid without twist. In the diagram, Fig. 7198, is shown a simple form of strand machine, and the

twist of the wires is shown by the direction of the arrows upon the four bobbins. A friction-brake

restrains the movement of each bobbin, and is adjusted by hand until the spinner feels that the tension
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of each wire is equal. The drums of the bobbins are made large in proportion to their total diameter
when full of wire, so that the leverage of the brake does not vary rapidly during the unwinding of
the wire. It is important that every wire of the strand should be put in with a constant and equal
strain, otherwise one wire will sometimes ruck up during the subsequent covering process, and
knuckle through the insulating covering. Each length of wire is soldered to the next length, so that
there may be no loose ends which might come through the gutta-percha. "Where one piece of strand
is joined to the next, a scarf-joint is made, lapped round with binding wire and neatly soldered.

In covering the strand the gutta-percha is applied in a plastic state, in successive coatings over
the strand, which is for this purpose drawn through a series of dies, each one in succession larger
than the preceding. Between the several layers of gutta-percha a coating of Chatterton's compound
is laid on in the Malta and Alexandria and other cables, as indicated by the strong black lines in
Figs. 7193, 7194, 7196, 7199 ; but the Atlantic cable, Fig. 7200, and the other cables shown in
Figs. 7201 to 7204, are represented with a solid covering of gutta-percha because no Chatter-
ton's compound was here used between the several layers of gutta-percha. The Eed Sea cable,
Fig. 7197, and several earlier cables had the compound between the coats of gutta-percha, though
not between the wires of the copper strand ; the latest cables have both.

7201. 7202. 7203.

7204.

The question of the relative merits of the two materials, gutta-percha and india-rubb.r, for the
covering of telegraph cables, is one of much practical interest. Gutta-percha sometimes contains
impurities, and air-bubbles were at one time not uncommon in the covering with that material ; these

.air-bubbles and impurities become serious faults under the action ofpowerful electric currents. Gutta-
percha becomes plastic at about 100° Fahr., and the copper wire sometimes forces its way through the
insulated sheath when the gutta-percha is accidentally softened by heat ; moreover, joints unskil-

fully made are liable to decay in time. On the other hand, the merits of gutta-percha are very great.

Not a single yard of submerged gutta-percha has ever decayed ; and the importance of this fact after

the experience of many years on some thousands of miles of wire can hardly be over-estimated. No
gutta-percha cable has ever failed except from local imperfection or accidental injury ; two causes of

failure to which all known materials must be subject. The insulating properties of gutta-percha as
now supplied are extremely good.

It may be remarked here that the word insulation has frequently been used in a double sense ;

first, as implying freedom from mechanical defect or impurity ; and secondly, as implying electrical

resistance. Consequently some statements that are true when the word is used in one sense have
been incorrectly applied with the word in the other sense, causing some confusion in the comparisons
of gutta-percha and india-rubber. Thus the circumstance that india-rubber is a better insulator in
consequence of having a higher electrical resistance than gutta-percha, has in mistake been incor-

rectly taken to mean that india-rubber is the better material for covering telegraph cables ; whereas
the words better insulator imply properly in this case a superiority in the one respect of non-
conducting power alone, and not a general superiority in all respects.

The defects of india-rubber differ with different makers ; some kinds are liable to turn into a
treacly substance on the outer surface and next to the copper ; others are liable to little cracks or

fissures, which appear only after the cable has been manufactured for some time ; and other kinds
turn slimy in water, arising it is said from a considerable absorption of water. The cause of these

defects does not seem well understood, and various reasons have been assigned by different makers;
such as injury of the india-rubber from heat applied to make the joint, or injury from the strain put
on the india-rubber strips as they are wound on ; defective structure arising in the preliminary

mastication of the material in its preparation ; or some injurious effect of the contact with the copper.

One defect is common to all forms of india-rubber covering, namely, the necessary difficulty of

making the continuous joint which is required along the whole wire ; and another defect common
to all forms of non-vulcanized india-rubber is the liability to injury from grease or oil. The latter

danger is of the most insidious kind, for the injury is not immediately apparent, but requires a

long time for its full development.
The merits of india-rubber, however, are not to be passed over lightly, and if they do not justify

its general adoption as yet, thev certainly entitle it to all the attention it has received for the manu-

facture of telegraph cables. "When properly prepared it is an excellent insulator in the limited

electrical sense of the word ; whether better or worse than the present gutta-pereha does not mueh
matter, as has been shown above. It maintains it? insulation hotter at high temperatures than gutta-

percha, and will bear a higher temperature without permanent injury : it has also been thought by

some less liable to mechanical injury than gutta-percha. But by far the most important point

claimed in its favour is that a greater number of words a minute can be transmitted through a wire

covered with iudia-rubbcr than through the same wire covered with the same quantity of gutia-
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percha of the usual quality. There is reason to believe that in this respect india-rubber is twice as
good as any gutta-percha hitherto practically supplied for cables ; but a few specimens of gutta-

percha have certainly been manufactured which even in this respect are on a par with the best
makes of india-rubber.

The serving with hemp or jute yarns C, Fig. 7195, as practised at present, is done by"machines
similar to those strand machines which put a twist into the wire or yarn ; and advantage is taken
of the flexibility of the yam to place the bobbins in any convenient position. A large number of

yarns are used, put on with a long twist or pitch, in order to avoid any chance of bending or twist-

ing the core if one yarn breaks or is not so taut as the others. The serving merits more attention,

in the opinion of F. Jenkin, than it has received, and he considers that many machines for manu-
facturing telegraph cables still put too much strain upon the core, especially when it is small and
weak ; and that the hemp might be applied so as to protect and strengthen the core much more
effectually than is now the case, and thus form a much better preparation than is now afforded for

the final process of sheathing with iron wires. The usual cores, both before and after they are
served with the yarn, are very weak and liable to be stretched if any hitch occurs in the feed of the
machines; and it is believed that several mishaps might be traced to this cause, and that the con-
struction of a thoroughly good serving machine is a desideratum of much importance. The yarn
protected by wires remains sound under water for a long time.

The final process of sheathing the cable with iron wire D, Fig. 7195, is similar to that of making
wire rope ; and the machines used, for the one purpose answer for the other, with the simple addi-

tion of a guide for the central soft served core. All the machines used lay the wire without twist-

ing it, the same as in the manufacture of wire ropes.

Instead of one gutta-percha covered core, several separately insulated wires are frequently

included in one sheath, as shown in Fig. 7201, which represents a cable of this class laid in 1854
between Spezzia and Corsica. This cable and all the subsequent ones are shown full size in the
engravings. This cable has six insulated conductors, which are all now in working order ; and the
cable has not cost anything for repairs since first laid, and is still in constant work. The several

insulated wires in this and similar cables are coated with gutta-percha, and then laid up with
hemp worming into a strand by laying machines similar in general arrangement to those for

sheathing. The gutta-percha covered wire is of course not twisted, but the hemp generally is.

The cables across the English Channel are generally of this class.

In the Atlantic telegraph cable, shown in Fig. 7200, laid in 1857, the simple iron wires of the

sheath were replaced by small strands, made each of seven wires of 028 in. diameter ; but these

were found objectionable on account of their rapid corrosion.

Strands formed of thick wire are, however, frequently used to cover heavy shore-ends of tele-

graph cables, and are almost necessary in the largest cables for giving sufficient flexibility.

Figs. 7205, 7206, represent the Holland cable, the shore end of which, Fig. 7206, weighs 19-6

tons a nautical mile; the external protecting wire is here 0*220 in. diameter in the strands cover-

ing the shore end, while the single wires covering the main cable are - 375 in. diameter, Fig. 7205 ;

but in the process of manufacture the cable was wound round a 7-ft. drum without difficulty.

7206.

7205.

In the Tou.'n and Algiers cable, Fig. 7199, laid in 1860, the iron wires of the sheath were

replaced by steel wires, 0*085 in. diameter, each covered by a tarred hempen strand. This form,

though convenient in many ways, has been abandoned, because the marine insects eat away the

hemp with great rapidity, leaving a mere bundle of loose wires. Simple hempen coverings have

also been proposed, and in a few instances unsuccessfully tried.

A single copper wire, however, 0-065 in. diameter, merely covered with gutta-percha, Fig. 7202,

was laid successfully between Varna and Balaclava in 1855, during the Crimean war, a distance of

300 miles, and worked for about nine months.

In a construction of telegraph cable proposed by Allan, no outer covering of wires is used,

but the gutta-percha covered wire is strengthened by a layer of small steel wires round the copper

conductor, as shown in Fig. 7207. It is doubtful whether this plan is preferable to a simple copper

etrand covered with gutta-percha ; though superior mechanically, it is far inferior electrically.

The rapid corrosion of the outer wires in some situations when submerged is perhaps the chief

defect of the ccmmon type of submarine cable. To prevent this corrosion, the Isle of Man cable,
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7207

shown in Fig. 7203, and the "Wexford cable, had a bituminous compound applied oyer the iron

wires on Latimer Clark's plan. The Isle of Man cable was passed through the hot melted com-
pound, and was considered to have been injured in some
places by having been accidentally delayed in its passage

through the hot material. The Wexford cable was not

passed through the melted mass, but had the compound
thrown over it or basted on, and by this simple con-

trivance a very serious danger was avoided. This plan

of preventing the decay of the iron wires is fast coming
into favour.

As a protection against rust it has also been proposed to cover each of the outer wires sepa-

rately with gutta-percha. A cable of this make, shown in Fig. 7196, with strands composed of

three iron wires instead of single wires in the sheath, was suggested by Chatterton for the new
Atlantic line, and except on the score of cost seems well adapted for the purpose. It has also been
proposed to protect the iron wires by vulcanite, applied either as a general coating or to each weir
separately.

In a plan introduced by Siemens, instead of protecting the iron wires they are omitted
altogether, and another material considered more durable is substituted. This construction of

cable is shown in Figs. 7208 to 7210. The core is surrounded with two layers of hempen strands

C, C, Fig. 7208, laid on under considerable tension. Three or more strips of copper or brass G, G,
about 0*01 in. thick, are then bound round these strands while they are still stretched by the

tension ; and this copper or brass sheathing grips the hempen cords tightly, so that they cannot
contract longitudinally after leaving the machine. By this construction a cable is obtained which
is extremely light and strong ; thus a cable -| in. diameter bears a strain of 15 cwt. before breaking,
and stretches only 0*8 per cent, of its length under a load of half the breaking strain.

7209.

7208.

7210.

7211.

7212.

Figs. 7211, 7212, are of the machine used for sheathing the cable with the metal strips.

Two serving machines are placed one behind the other, and are driven in opposite directions, laying
on two distinct hemp coverings. The number of bobbins or the size of the strand in the two
machines is so adjusted that each coveting, although of different diameter, may have the same 1 \y
or pitch of the spiral. Each hemp strand passes round a V pulley between the bobbin and the
laying plate, and an adjustable brake is applied to each of these pulleya to strain or stretch the
strands. A cable of ^ in. finished diameter has two layers of IG hempen strands each, and each
strand is laid on under a strain of 8 lbs. In front of the two serving machines, and driven by a
separate band, stands the sheathing machine, Fig. 7211. The copper or brass strips G. G, aro
wound on bobbies H, as in the usual serving machines; and ar drawn off from the bobbins to
certain guides of peculiar form close to the served core. Thesn guides lead the several strips
so that each strip laps over the preceding one by about one-third of its breadth. The core is

supported and compressed by the tightening nozzle 1 1 up to the very spot at which the metal
strips are laid on. The nozzle I is made up of segments contracted by an adjusting screwed nut,
a transverse section of which is shown one quarter full size in Fig. 7231. The strips laid on
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lapping over one another would form a cone instead of a cylinder, if it were not for a series

of rollers J, J, between which the metal-sheathed cable is immediately passed. These rollers

forcibly compress the metal sheathing into a cylindrical shape; and a simple

adjustment regulates the pressure exerted by all the rollers, as shown in the end 7213 -

elevation, Fig. 7212, by means of circular inclined surfaces K pressing upon the

ends of the slides that carry the rollers, which are all adjusted simultaneously by

the hand-wheel L. The result of the manufacture is certainly a cable very beautiful

in appearance ; its practical value can only be decided by experience.

The copper or brass sheathing affords lateral protection to the core ; the longi-

tudinal strength of the cable is amply sufficient both for the necessary strain during

submergence, and to provide against accidental injury ; and insects will not lodge in

the hemp so long as the metal sheathing remains intact. There may be some ground for apprehen-

sion as to the durability of the light copper or brass sheathing ; but this must necessarily be left

to be decided by further experience on a large scale.

In reference to the defects of the usual iron-wire sheathing as shown in the drawings, it may be

observed that some misconceptions have existed upon the subject. It seems to be generally sup-

posed that wires laid on spirally round a soft core must, as soon as any strain comes upon them,

stretch somewhat in the way that a spiral spring does ; and many attempts have been made to

obviate this supposed defect ; but on actual trial no defect is observed. The single open helix of a

spring stretches by diminishing the diameter of the coil ; but when a number of wires are laid up
touching one another, so as to form a solid ring or cylinder round a centre, as in a telegraph cable,

the diameter of the ring cannot diminish, even though the centre of the cable is soft ; and con-

sequently the only stretching that occurs is due to the elongation of the iron itself, added to a very

small constant, due to the more perfect closing of the wires one against another. The following

experiment on the stretching of telegraph cables is taken at random from a very large number
made by the Board of Trade Committee on submarine telegraph cables, all confirmatory of this

view. The total section of iron in the Bed Sea cable which was experimented upon, shown in

Fig. 7197, is about T\j sq. in.; and one sample 100 in. long elongated 0*56 per cent, with 75 cwtv
strain ; and it broke with 77£ cwt., or about 39 tons a square inch strain upon the iron wire.*

Other samples of the same cable elongated about 1 per cent, with 85 cwt. Then single iron wires

of about the same size as those in the cable, 085 in. diameter, were found to stretch from • 46 to

0*72 per cent, before breaking, and bore about 4 '4 cwt. each, or 39 tons a square inch. It appears

therefore from experiment that there is hardly any difference in elongation between a solid rod and
a well laid-up cable ; and in strength no difference whatever between the cable and the wire com-
posing it. The core does not, as at present made, add sensibly to the strength of the cable ; for its

resistance to the extension of say 1 per cent., at which the cable breaks, is insensible compared with

that of the iron-wire sheathing.

The twist put into a cable by the usual mode of coiling it when laid in a mass, as in the hold

of a vessel, has also sometimes been misunderstood ; a twist is no doubt put into the cable by the

process of coiling, but this twist is as certainly taken out again when the cable is uncoiled, and is

therefore of no importance.

The only inconvenience attending the spiral lay of the cable sheathing is first apparent when
the cable is being paid out, without sufficient strain upon it to lay it taut along the bottom. Then
as the slack accumulates the cable becomes virtually free at the bottom, while the parts near the

surface of the sea have considerable weight to bear ; and the cable therefore untwists and throws
itself over into a bight. The number of turns taken out of the cable, and of bights put into it

along the bottom, depends simply on the amount of slack paid out. When the cable is again
picked up, these bights draw tight into kinks, to the injury of the recovered cable ; and this is the

only practical inconvenience attending the usual spun cables. The amount of elongation con-

sequent on the untwisting is quite insignificant ; and, except for these kinks, a telegraph cable

recovered after three years from 1500 fathoms depth has been found just as good as when it was
laid out.

The common iron-covered cable can be easily laid safely in depths not exceeding 1000 fathoms
s

but beyond that depth steel wire should be used for the sheathing, or the specific gravity of the
cable diminished. Exposed hemp is not admissible, owing to the marine insects already mentioned,
which are found at all depths.

The manner of laying a telegraph cable and the machinery requisite for carrying out the

operation, are matters of the first moment to the telegraph engineer. The experience gained in

laying the Atlantic cables, and especially the failures that attended the first attempts, have led

almost to perfection in the machinery for paying out, as well as to the invention and successful

application of other machinery for recovering a cable after it has been laid. The following succinct

and clear description of such machinery is given by George Elliot in a paper read before the
Institution of Mechanical Engineers.

_
The Atlantic Telegraph Cable Expedition of 1866 was twofold in its purpose, the first object

being to lay a new cable, and the second to recover and complete the one commenced and lost in
the unsuccessful attempt of the previous year.

The cable itself was coiled in three circular wrougrl it-iron tanks, which were built on the main
deck of the ship, as shown in Figs. 7214 to 7216, which represent a general plan and longitudinal
and transverse sections of the vessel. The foremost tank A occupied the space which had pre-
viously been the foreoargo space ; and the after tank C was placed in what had been the after-
cargo space The middle tank B occupied what had been the second dining saloon ; and the funnel
(shown by the dotted lines in Fig. 7215) from the pair of boilers in that position was removed for
the purpose, those boilers being thrown out of work during the expedition. The whole of the
fittings in these spaces had been removed, and each of the tanks was stayed to the sides of the ship
by two flat frames of iron, built on angle-iron framing, thus securing the tanks in the most siû*-
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stantial manner. The deck bad also been shored underneath by balk timbers, which were carried

through from deck to deck duwn to the bottom of the ship.

7214.

Pitm cf Great Eastern/ contxnjiinß Cable- ancb Machinery.
I !
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7215.

7216.

The fore tank was 51 ft. 6 in. diameter, the middle tank 58 ft. 6 in., and the after tank 58 ft. ;

they were all of a uniform depth of 20 ft. 6 in., and similarly constructed in all respects. The
bottoms were \ in. thick, lap-jointed; and the sides were

J-
in. thick in the lower half, and \ in. in

the upper half. The sides were butt-jointed, so as to present a perfectly smooth surface inside ; and
the bottoms were covered with a thin wood floor to receive the cable. As it was of vital importance
that the cable should be kept always under water, to prevent depreciation of the gutta-percha
coating, and also to afford the only means of effectually testing its electrical condition, these tanks
were carefully made water-tight. In paying out the cable, the water in the tanks was kept some-
what below the level of the top flake, and required to be lowered during the paying out ; for this

purpose each tank was supplied with discharge-valves, and as the bottoms of the coils were above
the water line of the ship, Fig. 7215, it was only necessary to open these valves in order to allow the
tanks to discharge themselves completely.

The coiling of the cable into the tanks, out of the hulks by which it was brought from the
Telegraph Construction and Maintenance Works at Greenwich to the Great Eastern at Sheerness,
was effected in the following manner. The cable was brought up over the side of the ship from the
hulk, upon wheels which guided it on to a large deep-grooved wheel driven by steam power ; on
the tread of this wheel ran a small jockey-wheel or roller, pressing the cable down into the groove
of the large wheel, so as to give sufficient friction for enabling the wheel to draw up the cable from
the hulk. The coiling commenced from the outside of the tank, the end being previously triced up
above the tank, leaving a clear end for splicing and testing. The first turn of the cable was care-

fully laid round the outside of the tank, and the next was laid back close up against the previouà
turn, and so on until a perfectly flat flake or layer was laid into the eye of the coil, which was left

about 9 ft. 6 in. diameter. The cable was then led out direct to the outside of the tank, across the
coils already laid ; and another flake was commenced precisely similar to the first, this process

being continued until the tank was filled. The direction of lay-out of the cable from the end of one
flake to the beginning of the next was tangential to the circle of the eye of the coil, as shown at D
in the plan, Fig. 7214; and the portion of cable crossing the coils was protected from the weight
of the coils above by wood battens laid on each side of it, about 3 in. wide and 1 in. thick, with the
edges rounded. When the coiling down of the cable into the tanks was finished, eyes were fitted

into the centre of each coil, which were telescopic in their construction, so that as the cable w as paid
out the eyes could be lowered from time to time. Men were stationed in the tanks for the purpose
of keeping the cable always clear during the paying out.

7217.

Generai arrangement, cf Paying -Out Machinery at strrrvdf Great Eastern/

In paying out the cable it was passed up to the hatch over the centre of the coil, and carried

over a large wheel E about 4 ft. diameter, as shown in the enlarged longitudinal section. Fig. 7217.
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The cable was then carried in a trough F about 2 ft. \>ide, made of sheet iron, leading to the payin?-

out machinery ; this trough was fitted with rollers at about 10 pr 12 ft. intervals to relieve the cable

from friction in passing along, until it reached the paying-out machinery, which was placed in the
stern of the ship, slightly to the port side.

The length of cable in the after tank was 840 knots (1 knot = 6084 feet = 1*15 statute mile), in

the middle tank 865 knots, and in the fore tank 671 knots; and the entire length of 2376 knots

was joined up into one continuous length of cable before the laying was commenced. The size of

the cable was 1± in. diameter, and its weight 31 cwt. a knot in air, and 14f cwt. a knot when
immersed in water; the breaking strain was 8*10 tons, equal to eleven times its weight in water
a knot, so that the cable would just bear its own weight in 11 knots depth of water.

Paying-out Machinera.— In the paying-out machinery the chief object to be attained was to

supply some means of checking the cable in the most regular manner possible while passing out of

the ship, and also of keeping it in a state of constant tension ; and it was required that the amount
of this tension should be at all times known, and that it should be regulated by the depth of the
water in each particular part of the ocean, and also to some extent by the speed of the ship.

The most important feature is the arrangement by which it was rendered impossible that more
than a certain strain should be kept upon the cable during the paying out. A less strain would
only involve a slight loss of cable ; but any increased strain might possibly damage or even destroy

it. The cable on entering the paying-out machinery was passed over a series of six deep-grooved
wheels, each about 3 ft._ diameter, one of which is shown in side and end elevation at G in Figs.

7218, 7219. On the shaft of each wheel G was fixed a friction-wheel H of the same diameter,

7218

to which was fitted a friction-strap lined with wood and tightened by a weight on a lever ; to

prevent any unnecessary wear, this friction-wheel ran in a tank of water K. Above each of the
grooved carrying wheels was a jockey-wheel J about 14 in. diameter, pressing the cable L down
into the groove of the carrying wheel G, and hooped with an india-rubber tire to form a soft

cushion, so that no damage might be done to the cable. The jockey-wheel was also fitted with
a small friction-wheel M having a wrought-iron strap adjustable by a screw. Any one of the
jockey-wheels could be lifted up, so as to allow the cable to slip freely through the groove in the

carrying wheel ; or in case of necessity the whole set of jockey-wheels could be raised at once by
a large hand -wheel, like an ordinary ship's steering-wheel, turning the longitudinal shaft N,
which lifted up each jockey-wheel by a chain winding upon the shaft. In practice there were
generally about four of these wheels kept at work, but the machine was made with six in case of

need.

After the cable had passed through this part of the machinery, called for distinction the jockey-
gear, and had thereby been subjected to a slight amount of strain, it was led to the main paying-
out drum P, shown in side elevation in Fig. 7220, and in end elevation in Fig. 7221. The cable
L entered on the under side of the drum, Fig. 7220, and was passed four times round, as a rope is

passed round a capstan, and for the same purpose of getting a firm hold upon it. Just above the
point at which the cable was led on, a knife-guide Q was placed for fleeting or slipping sideways
the coils already on the drum, so as to leave a clear lead-on for the fresh cable; this guide was
adjustable in both directions with screws, like a slide-rest on a lathe. The shaft S of the drum was
carried through on each side, one end being fitted with a coupling K, which will be referred to
afterwards in connection with the picking-up arrangements adapted to this machine ; and on the
other end were fitted the main friction-brakes T, T.

These self-adjusting friction-brakes were invented by Appold, and it is interesting to note
that they were the identical brakes used in the first attempt to lay the Atlantic cable in 1857.
The brake-wheels themselves T, T, Figs. 7220, 7221, of which there were two on the shaft, were
4 ft. 6 in. diameter, and 12 in. wide on the tread, which was turned a little convex. On each
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wheel was fitted a wrought-iron strap, lined with wood, and a screw adjustment U admitted of
any required amount of friction being obtained. On the top of each brake-strap was a lug, to

7220.

7221.

EndElevation/ of
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which a long rod V was fastened, leading to the top of a bell-

crank lever X with arms in the proportion of 1£ to 1 ; and to the
long arm of this lever was suspended a rod carrying a number
of weights W, which were removable at pleasure for adjusting the
strain. The rod was continued below the weights, and had a
piston attached to it working loosely in a water-cylinder, to pre-

vent any sudden jerking action from coming on the brake. By
screwing up the adjustment U, the brake was made to have suffi-

cient friction for lifting the weights on the suspension-rod.

In order to render the brake self-adjusting, so that it should
relieve itself whenever binding too hard, the brake-strap was cut
through, and the ends were attached to a lever A in the manner
shown in Fig. 7220, the lower extremity of the lever being free to

move in a slot cut in the stationary bracket B. When the brake
was binding too hard, so that it began to lift the weight W too

high, the brake-strap consequently travelled round and brought the lever A into the position shown
dotted. The attachment of the one end of the brake-strap at the extremity of the lever moved then
through an arc of a larger radius than the attachment of the other end of the strap; and the result

was therefore equivalent to lengthening the brake-strap and slackening the brake off the surface of

the wheel, causing the weight W to fall back instantly to its original position. The consequence of

this action was that when the brake was at work the lever A kept the strap just tight, aid the

weight W continued just oscillating. The two brake-wheels T, T, placed side by side on the drum-
shaft, Fig. 7221, were both fitted alike throughout.

Near the end of the bell-crank lever X, Fig. 7220, a chain was attached leading to a wheel Y
overhead ; and from a larger wheel on the same shaft another chain led to a barrel on a winch Z.

A man standing at this winch by turning the hand-wheel could immediately take all the weight
off the brakes T, T. The whole of this paying-out machine was made double, so that in case of any
mishap there might be no delay, but the cable might at once be removed from one drum to the
other. This provision, however, fortunately proved to be needless, as throughout the expedition

there was no failure in any part of the machinery, its action having been in every particular perft ct.

The cable having by these means been sufficiently checked was passed over the stern wheel A,
Fig. 7217, into the sea ; and on its way the actual strain was measured by a dynamometer placed at

D, consisting of the following arrangement. Immediately on the cable leaving the paying-out
drum P it passed over a wheel H, and at a distance of 23 ft. 6 in. over another similar wheel I ; and
in the centre between these two wheels the dynamometer D was fixed, which is shown ia Figs.

7222, 7223. It consisted of a wheel D, weighted to a particular amount, and riding upon the

cable L, being guided in a fixed vertical frame by rollers A, A. The amount of deflection evidently

varies according to the strain on the cable, and the strain was calculated from the formula obtained

I

by the ordinary resolution of forces, namely, S = —- W approximately ; where S = strain, -and

W = weight of dynamometer wheel D, both in the same terms; /= distance between centres of

carrying wheels H and I, Fig. 7217; and d = deflection of cable. The values of <i or amounts of

deflection were calculated for all strains from 7 cwt. up to 40 owt., and a scale B was arììxed to the

instrument with an index C carried upon the wheel D ; so that tho strain could immediately lx^ rea 1

off at all times by simple inspection. The total weight of the wheel D and its suspended weight F
was 426 lbs., and the rod carrying the weight F was contiimed down to a piston G working freely in

a cylinder of water, to prevent any sudden jerks of the dynamometer. The ordinary strain in paying
out was found to vary from 10 to 12 or 14 cwt., and at no time exceeded 1(5 cwt.

The paying-out drum was also supplied with steam power for reversing its action and picking
up the cable, should any fault occur requiring such an operation. This constituted one of the most
important improvements over the arrangements of the 1805 expedition, in which it had been
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7222. 7223.

necessary to hand the cable along the side of the ship from the paying-out machinery in the stern

to the picking-up machinery in the bow, on any occasion of requiring to haul in the cable ; and it

was during this hazardous process that the

cable was broken and lost. In the present

machinery the shaft S of the paying-out

drum P, Fig. 7217, was prolonged on one

side for the purpose of forming a coupling

to the picking-up arrangement. It was
considered advisable to make all this part

of the machinery sufficiently strong to work
with, and if necessary even to break the

large grapnel-rope, which had a breaking

strain of more than 30 tons. The shaft S
was therefore made in its smallest place

1\ in. diameter. There were three points

to be specially considered in the design;

first, that the moving parts of the machine
should be kept as light as possible so that

the momentum of the moving mass in

paying out should be as small as possible,

and should therefore strain the cable as

little as possible, either in case of eny
sudden and accidental mishap, or when
the ship was pitching; and this was of

vital importance. Second, that the pick-

ing-up arrangement should be capable of

being brought into action at a moment's
notice. And third, that the strength of the

machine should be sufficient to cope with a

rope having the uncommon breaking strain

of 30 tons. These various requirements

were admirably met by the arrangements

adopted in accordance with the designs of

Clifford, the engineer of the Telegraph
Construction and Maintenance Works, who
had also worked out the design of all the

machinery employed in the expedition.

In order that the machinery for paying out might be as light as possible, the picking-up motion
was coupled direct to the shaft S of the drum itself, as in Fig. 7221; so that when the coupling

was thrown out, the paying-out machine remained intact and as similar as possible to what would
otherwise have been necessary if there had been no picking-up arrangement. This shaft and
coupling had to be of the great strength necessary to bear a torsional strain of 30 tons, acting

at a leverage of 2 ft. 8 in. The shaft ends were squared, and a large wrought-iron coupling R
capable of sliding along coupled the two shafts securely ; and the application of this was the
work of a moment. On the shaft H thus coupled to the drum-shaft was fixed a large spur-wheel
of 7 ft. 11\ in. diameter and 5 in. pitch : this pitch may at first appear excessive, but it is less than
is in use for such exceptional strains. A train of gearing driving the pinion working into this wheel
admitted of a ready alteration in speed and power, and was driven by a pair of trunk engines made
by Penn, having a nominal horse-power of 80, but working in this case considerably below that

power, as the condensing part of the engine was dispensed with, and the steam supplied by the
ship's boilers was only 20 lbs. pressure. The whole of the spur-gear was supplied by Jackson
of Manchester, and was manufactured by their wheel-moulding machinery, which secured a re-

markably true bearing surface on the teeth. The steam was conveyed to the engines by an 8-in.

copper pipe of about 130 ft. length ; and as a considerable condensation was anticipated from such
a great length of pipe, a separator and superheater were fitted close to the engines, so that they
received their steam in about an ordinary condition.

In paying out the cable the portion in the after tank was first taken, in order to trim the ship,

as she was considerably by the stern at starting; the fore tank was next emptied, and the middle
tank left to the last, the ends of the cable from the several tanks having been spliced together

originally in that order of connection. When each tank became nearly empty the ship was slowed
down, and it was quite stopped for a short time whilst the paying out of the cable was transferred

from one tank to another. This apparently rather delicate operation was effected on both occasions

without difficulty. The whole of the cable in the three tanks was spliced up into one length before

the paying out commenced ; and the length between each tank was carefully laid in troughs of

wet saw-dust, so that it could be kept under electrical test ; it was also from time to time thoroughly
soaked with water. The total length of cable paid out was 1851 knots, and the time from shore

was fourteen days, giving an average of 132 knots a day paid out, and an average rate of 5¿ knots
an hour for the cable. The total distance run was 1669 knots, making the average proportion of

slack paid out 11 per cent.

During the whole time of the paying out, the machinery was most carefully watched at all

points. The drums were fitted with rotometers, showing the amount of cable which had been paid
out ; and this amount was carefully noted every fifteen minutes in the ship's log, and the speed of
paying out and the speed of the ship were calculated so that a right amount of slack might be
allowed. If the ship were travelling too fast, the speed was immediately reduced in the engine-
room

; and if too much cable was being paid away, a small addition to the weights on the drum
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brakes usually remedied this defect speedily. Varying winds and currents and many other cir-

cumstances caused constant watching from moment to moment to be increasingly necessary.
Picking-up Machinery.—The cable of 1865 had been laid with about 15 per cent, of slack, and this

percentage of slack was the great source of hope for the successful recovery of the cable. It was
calculated that if the cable could be raised to the surface, without hooking it at more than a single
point, there would be a bight suspended in the water of 9J knots in length, when in 2 knots
depth of water, as in the diagram, Fig. 7224; and the horizontal distance J J would be 8 knots

7224.

ThtüretJjcaJb Pickuig-Up of Cabla try single/ bupvb.

7225.

between the portions resting upon the ground, giving an excess of length of 15 per cent, in the
suspended bight ; and the results of the actual picking up proved this calculation to represent

very closely the curve of the suspended cable. The size of the cable was 1a in. diameter, and its

weight 35| cwt. a knot in air, and 14 cwt. a knot when immersed in water ; the total weight of a
suspended length of 9^ knots in water was therefore 6J tons, but as the breaking strength of the
cable was 7| tons, it would carry the weight of 11 knots of its own length in water before breaking.
As, however, the possibility of its recovery in this manner in a single bight was generally considered
to be out of the question, it was intended therefore to attempt raising it by degrees only. Three
steamships were accordingly fitted with picking-up apparatus, the Medway, Great Eastern, and
Albany, for the purpose of grappling for the cable simultaneously in three places ; the Medway to

grapple to the east and the Albany to the west of the Great Eastern.
The picking-up machine was very powerful, as it had to cope with a rope of 30 tons breaking

strain, and if necessary to break it. It is shown in elevation and plan in Figs. 7226, 7227. The

7226

7227.
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two large drums B, B, each 5 ft. 8 in. diameter, were fixed on shafts parallel to each other at 11 ft.

distance apart from centre to centre. The grapnel-rope A A was passed four times round these two
in the manner shown in Fig. 7227, passing away on the opposite side from where it entered on. Tho
fleeting of the rope was effected by small disc rollers C, C, placed on shafts between the drums, four

above and four below ; and each part of the rope was fleeted after leaving one drum before it entered
on the other, thus keeping every portion of the rope clear of tho rest. The fleeting required much
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GrajTnel*

more core in this machine than in the one for paying out, as the shackles and swivels on the
grapnel-rope would capsize on and hold down the preceding coil of the rope on the drum, unless
the four coils were all kept very wide apart.

As the strains to which it was expected the machine might probably be put were very great it

was thought advisable not to take the power through the shafts of the drums B, B ; and accordingly
the drums had spur-wheels D, D, fixed at each side, into which the pinions E, E, geared ; and by this

means no torsional strain whatever was put on the shafts of the drums. The strain of the grapnel-
rope was divided thus between four spur-wheels, and the pitch of tbese was only 4 in. ; although in
the paying-out machine, where this division of strain could not be effected, the spur-wheels were 5 in.

pitch. Eacb of tbe drums had a brake F fixed to it, and both the brakes were worked by one shaft
G G, with two screws on it, carried fore and aft along the machine over the brakes. All the strain
of the brakes was carried by brackets H, H, on the sole-plate, and in no way by the sciew-shaft G ;

and this is believed to be rather a novel application of the brake-strap, and may be worthy of remark.
The grapnel, Fig. 7228, was simply a very large ordinary boat grapnel, made with, five prongs

instead of three ; it stood about 4 ft. high, was fitted with a swivel at the top,

weighed about 1\ cwt., and its prongs would carry a strain of about 8 or 9 tons
without damage. Shackled to this was a 15-fathoms length of l|-in. chain,

to which was fastened the grapnel-rope. This rope was a most remarkable
one, being \\ in. diameter, and consisting of seven strands, six strands round
one ; each strand again consisted of six smaller strands of hemp, in the centre
of eacb of which was a wire about -^in. diameter. The rope was repeatedly

tested, and was never known to break with less than 30 tons strain. Its

weight in air was about 5 tons a knot, and in water 3| tons.

At the bow of the ship were fitted four iron girders carrying three cast-

iron sheaves about 3 ft. 9 in. diameter ; these sheaves were all clear of the
ship, and over the centre one the grapnel-rope was led on board, as shown
at K, in Fig. 7215. The grapnel-rope was led directly to the picking-up
machine from, the bow sheave, passing through a dynamometer, so that the
strain could be ascertained at all times. This dynamometer was similar to

the one for the paying-out machinery described before, except that it was
of a mucb heavier construction and loaded with a weigh t of 2142 lbs. The
vertical travel of the dynamometer wheel was 5 ft., the horizontal length of

deflected cable 30 ft., and the graduations of the scale ranged from 2 tons to

20 tons.

The machine was driven by a pair of trunk engines, precisely duplicates

of the pair employed in the paying-out machine ; and these engines, together
with the picking-up machine itself, were made by Penn. There was also a
system of gearing similar to that belonging to the paying-out machine, for

admitting of a change of speed and power ; the slowest speed, when the
engines made 80 revolutions a minute, was about f knot an hour, and the

quickest about 1| knot an hour. The machine was supplied with a draw-off

wheel I and jockey-wheel J, having an adjustable weight K, eo as to keep ibe grapnel-rope A well
taut on the drums B ; and a rotometer was added for measuring the length of grapnel-rope over-

board. When the picking up of the cable was in progress, the grapnel-rope was delivered from the
picking-up drums into the fore tank, which was at that time empty.

The process of grappling was as follows. The exact line of the cable having been marked by a
couple of buoys, put down by nautical observation, the ship was brought into a position about 3 or 4
knots north or south of this line, according to the direction of the wind and current, so that the
ship might be drifted slowly across the line of the cable. The new cable oí 1866 had been -laid at

a distance of about 30 knots southward of the line of the old cable, so as to avoid all risk of injury

in the process of grappling for the old cable. In a depth of 1900 fathoms, nearly 2 knots, about
220U fathoms length of grapnel-rope, with the chain and grapnel as before described, was lowered
with great care, taking about an hour or an hour and a half for the purpose. "Whilst the grapnel wras

being lowered, accurate observations were continuously taken of the indications given by the dyna-
mometer; and the grapnel striking the bottom, was almost immediately indicated by a diminution
of weight, as it and the chain weighed rather more than half a ton. About a couple of hundred
fathoms of additional rope were then paid out, and the dynamometer from this time was most
strictly watched; averages of the indications were taken evfry few minutes, and many hours fre-

quently passed before there was the smallest change in these averages. It was interesting to

observe how steadily these averages remained-at about 8\ to 9| tons, dependent upon the length of

grapnel-rope out and the strength of the wind and current. An indicated rise of 5 cwt. was gene-

rally considered satisfactory evidence that the cable was once more hooked, and this seldom proved
wrong; no attempt, however, was made to haul in the rope until the strain rose 2 tons above the

average. As soon as a strain of 10J to .12 tons was observed, tbe ship was brought up by her engines

to ease the .strain, and the operation of picking up commenced ; the strain then generally rose to

about 14 or 15 tons, and continued at this amount until the bight of the cable was raised off the

ground, after which time it gradually lessened. The attempt was once made lo raise this bight

direct to the surface without assistance from the other shii s, and it proved successful, the cable

coming a few feet above the water with a strain of about 6£ tons. There was, however, a heavy
swell on at the time, and tbe pitching of the ship broke the calde through.

After n any ineffectual attempts, the cable was at length successfully raised in the following

manner. It was hooked by the Great Eastern, and tbe bight being raised about 900 fathoms from

the bottom, was buoyed there, as shown at B in Fig. 7225 ; the buoy attached was of tbe largest

size, weighing 3£ tons, and capable of supporting a weight of 13 tons. The Great Eastern then

again grappled for the cable about 3 or 4 knots westward at S, and again found it ; the Medway
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found it at the same time at M, about 2 knots westward of the Great Eastern. The Great Eastern
then commenced hauling in, signalling to the Medway to do the same, and to break it if she
could not bring the bight to the surface ; this she accordingly did, the cable breaking about 200
fathoms below the surface. The Great Eastern in this manner had a loose end of about 2 knots to

the westward, and had immediately a much reduced strain to contend with. Ultimately the end
was successfully brought on board, the electrical circuit to Valentia was once more established from
the ship, and the movement of the small speck of light on the galvanometer scale by the current
received from Ireland indicated the success of the undertaking.

See Batter y. Boeing and Blasting. Cable. Rope-making Machinery.
Books on Telegraphy ;—Faraday (M.), ' Experimental Researches in Electricity,* 3 vols., 1839-55.

Shaffner's (T. P.) « Telegraph Manual,' 8vo, New York, 1859. Gavarret (J.), ' Télégraphie Elec-

trique,' 12mo, Paris, 1861. Webb (F. 0.), ' Electrical Accumulation and Conduction,' part i., crown
8vo, 1862. Blavier (E. E.), ' Traité de Télégraphie Électrique,' 2 vols. 8vo, Paris, 1867. Sabine (R.),
' The Electric Telegraph,' 8vo, 1867. Clark (Latimer), ' On Electrical Measurement,' crown 8vo,

1868. Schellen, 'Der Elektromagnetische Telegraph,' 8vo, Brunswick, 1868. Ludewig (J.), 'Der
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TESTING MACHINE. Fr., Machine a éprouver; Ger., Prüfungs Maschine.

A machine for finding the amount of resistance which materials offer to applied forces under
different circumstances, invented by David Kirkaldy. is shown in Figs. 7229 to 7232.

Three hydraulic cylinders in one

T229.piece, with their rams, are placed at

one end of this machine, the ram being
pressed outwards against a cross-head,

having attached to it four powerful rods.

The rams are not fixed to the cross-head,

and they can be used independently of

each other—either the centre one alone,

or the two outer ones, or all three, accord-

ing to the strain required. The rams are

actuated by three pumps, two of which have the same area, but work with their strokes alternating,

whilst the third is of larger effective area at first than either of the others, but is so contrived that

by detaching a part of its plunger it may be worked afterwards with a smaller effective area. The

communication of the pipe from the pumps is with the bottoms of the three cylinders, and a small

screw-stop valve is applied to each cylinder. The hydraulic cylinders are fixed at one end or a long

sole-plate or bed-frame, which is formed with V-grooves to guide a massive cross-head, nxed upon

the four rods bv screw nuts. For applying crushing strains, bending or transverse strains, and com-

pressing, punching, or indenting strains, this cross-head is fixed on the rods so as to compress tho

specimen in the space between it and the cylinders ; whilst for applying tensile or drawing and

similar strains, the specimen is placed on the other side of the cross-head to draw the specimen

towards the cylinders. The nuts, however, remain at the end of the rods, and tubular pieces of

suitable lengths are put on the rods in halves between the nuts and the cross-head to transmit the

strain from the nuts to the cross-head. In all applications of the apparatus the strain exerted by

the rams is opposed or met by a system of levers combined with graduated steelyards to which

weights are applied whereby to measure the strain brought to bear on the specimen. The first lever

works in a horizontal plane at the end of the machine opposite tho rams, being supported by metal

balls or by suspending links, and being acted upon by a J-piece, made in two parts, which receive

9 p
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the end of the lever between them. In the case of crushing, bending, compressing, or similar strains,
the T-pieee is connected either by side rods or by upper and lower links to an inner ciosn-head,

7231.

Lá=J 7232.

between which and the main cross-bead the specimen is placed. In the case of tensile or drawing,
and of shearing strains, the specimen is connected to the "T*_piece outside of or beyond the main
cross-head. The lever has its fulcrum knife edges bearing in a forked piece fixed to the raised end
of the sole-plate or bed-frame, or it may be made with round pins bearing on anti-friction rollers.

The end of the long arm of the lever is connected by a link to a short arm, projecting vertically from
a horizontal graduated steelyard, working in a vertical plane and fitted with appliances for weighing
or measuring the strain transmitted by means of weights. The steelyard may be formed with round
journals or pins resting on anti-friction wheels, or it may have its bearing by a combination of knife

edges on surfaces disposed to meet the various strains. A weight is applied to the non-indicating

end of the steelyard to counterbalance the weight of the long arm, so that the minutest strains may
be measured, and this weight can be easily removed when the strain to be measured exceeds its

amount, so that then so much less weight will require to be put on the yard. For the purpose of

measuring greater strains, a second balanced steelyard is arranged above the first, and the strain is

transmitted to it from the first by a strut or rod, which can be adjusted out of the way when the
upper steelyard is not to be used. The steelyards are marked in the usual way to indicate the
strains, and an alarm apparatus is fitted in connection to indicate when a particular or proof strain

is arrived at in performing an experiment.
Provision is made for measuring and indicating change of form in specimens operated upon,

whether by elongation, compression, bending, or otherwise ; and the appliance for this purpose
consists of two parts connected separately to the cross-heads or other parts of the apparatus between
which the specimen is placed. One part comprises a rack gearing with a pinion on a pile carried in

bearings, which with a stationary pointer form the other part.

Provision is made for indicating through several turns of the dial by forming on it a spiral groove
in which there works a small slide acted on by the pointer, and this slide shows in what circle or

convolution of the spiral any indication is to be read. In some cases there may be a movement
between the part carrying the dial and the specimen, such movement interfering with the indication
of tli e movement, exclusively due to the specimen, and to provide for such cases the pointer ordi-

narily fixed with a screw may be set free to be moved by a rack acting on a pinion formed on it, such
rack being connected to the specimen and correcting any movement of the part carrying the dial.

The indicating appliance thus arranged may be fixed on any convenient part of the machine.
For bending specimens or subjecting them to transverse strains the main cross-head has fitted to

it two blocks, which can be adjusted near to or farther from the centre ; and whilst these blocks are
brought to bear on two parts of the specimen, a third block pressed in the opposite direction is made
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to bear on the other side of the specimen and between the two other blocks. The blocks may be
arranged to grip the specimen.

For applying torsional or twisting strains, the bed-frame of the machine is provided with bear-

ings to receive the shaft or spindle to be tested ; and in testing, two toothed wheels are fixed on the
spindle, upon which wheels a strain is applied in one direction by means of racks jointed to the main
cross-head, whilst the opposite strain is received through a lever fixed on the shaft between the two
toothed wheels. Adjustable scales to show the amount of movement are put on the wheels, the
pointers to such scales being attached to the holding lever, so as to show the total movement.
Wheels of different sizes may be applied and at different distances apart, and scales may be put
upon suitable parts of the apparatus to measure any change in the length of the specimen. The
wheels may be acted upon by chains or other jointed or flexible connections.

To measure the force actually concerned in applying bursting or collapsing strains by fluid pres-

sure, a cylinder is fitted to the chamber or vessel into which the water or fluid used in the operation

is forced, and which vessel will be the vessel or structure to be tested in the case of a bursting
strain, but will contain the vessel or structure to be tested in the case of a collapsing strain. The
cylinder is fitted with a piston, and the chamber or vessel is placed in the machine in such a way
that the rod of the piston may communicate the pressure on its area through the X~piece and lever

to the steelyards. If the pressure of the atmosphere is to be used in collapsing the specimen or

vessel, the cylinder and piston is arranged in the machine in such a wray that the piston will be
drawn outwards relatively to the vessel by the action of the hydraulic rams, and so tend to produce
a vacuum inside the vessel, water or other liquid being contained therein.

The machine may also be used for measuring and indicating change of form or strength in a
specimen when subjected to heat or cold, as the apparatus for applying the heat or cold may be
easily introduced into the machine in such a way that the specimen under experiment may act on
or be acted on by one or both cross-heads.

It is an important feature of the improved apparatus that the specimens operated upon are placed

in a horizontal position, which has many practical advantages, and amongst other things it admits
of the application of combinations of strains. Thus percussive, vibratory, jarring, and other strains,

may be applied to the specimens whilst subjected to any desired degree of tensile, transverse, com-
pressive, or similar strains.

When the apparatus is not required to apply great strains, one or two hydraulic cylinders or a

screw or combination of screws may be substituted for the three hydraulic cylinders.

Fig. 7229 is a plan of the machine, with the strain-indicating apparatus in horizontal section ;

Fig. 7230 is a longitudinal vertical section of the main part of the machine ; Fig. 7231 is a side

elevation of the strain-indicating apparatus, with the framing in vertical section ; and Fig. 7232 is a
transverse vertical section taken at the lines C, C, Figs. 7229, 7230. The different parts represented

in the figures are referred to by the numerals 1, 2, 3, and so on. The hydraulic cylinder 1 is fixed at

one end of a long sole-plate or bed-frame 2, which, for convenience, is cast in four separate parts, and
rigidly bolted to each other, and held down by tie-bolts to a massive foundation of masonry. The
bed-frame is formed with V-grooves along the sides to guide the cylinder cross-head 3, which has
attached to it the four rods 4, and to guide a second cross-head 5, which is fixed by screw nuts on the

rods 4, these being screwed for the purpose. For applying crushing strains, bending or transverse

strains, and compressing, punching, or indenting strains, this cross-head 5 is fixed on the rods 4 in

such a position as to compress the specimen S in the space between it and the cylinder 1 ; whilst for

applying tensile or drawing and similar strains, the specimen is placed on the other side of the cross-

head 5 to draw the specimen towards the cylinder 1.

In Fig. 7229 the machine is shown as applying a bending strain to a specimen S. The rods 4

are represented as screwed for a considerable portion of their length, in order that the cross-head 5
may be adjusted upon them in any convenient position ; and to facilitate such adjustment provision

is made for working the four screw nuts simultaneously, they being formed with pinion-teeth

connected by intermediate toothed wheels, and worked by a hand-shaft 6 through a pair of bevel-

pinions. The working of the nuts backwards and forwards may be avoided by applying tubular pieces

of suitable lengths to be put on the rods in halves between the nuts and the cross-head, in which case

the nuts might always remain at the ends of the rods, the tubular pieces transmitting the strain to

them from the cross-head when this is placed nearer to the cylinder. In all applications of the

apparatus the strain exerted by the cylinder 1 is opposed or met by a system of levers combined with
graduated steelyards, to which weights are applied to measure the strain brought to bear on the

specimen. The first lever 7 works in a horizontal plane at the end of the machine opposite to the

C37linder 1, being supported on metal balls or struts or by suspending links, and being acted upon
by aX-piece 8 made in two parts, which receive the lever 7 between them. In the case of crushing,

bending, compressing, or similar strains, the X_piece 8 is connected either by side rods or by upper
and lower links 9, as shown in Figs. 7229, 7230, to an inner cross-head or block 10, between
which and the main cross-head 5 the specimen S is placed. In the case of tensile or drawing, and
of shearing and other similar strains, the specimen is connected to theX-piece 8 outside of or

beyond the main cross-head 5. The strain of the X-pieceis communicated to a vertical pin 11 fixed

in the lever 7, and fitted with steel knife edges, which bear against steel pieces fitted in eyes which
are formed in the upper and lower parts of the X"Piece to receive the pin 11. The fulcrum knife

edges of the lever 7 are fitted upon a similar pin 12 fixed in the lever, and they bear upon steel

pieces fitted in eyes formed in a forked piece 13 fixed to the raised end 14 of the bed-frame 2. The
strain acting between the end of the bed-frame and the abutment 15, against which the inner end
of the cylinder 1 bears, is met by two cast-iron rods 16, as well as by the bottom of the bed-frame

itself. These rods 16 are keyed at one end in the abutment 15, and at the other end in au abut-

ment 15 formed on the bed-frame, and connected by side bars to the raised end or abutment 14.

The first lever 7 is represented as supported by struts 18, at each end, the lever being fitted with

knife edges to bear on the struts, and the struts bearing on knife edges on the bed-frames ; and this

9 F 2
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arrangement admits of the very slight movements of the lever with the least- friction. The end of

the long arm of the lever 7 is connected by a link 19 to a short arm 20 projecting vertically down-
wards from a horizontal graduated steelyard 21 working in a vertical plane, and fitted with
appliances for weighing or measuring by means of weights the strain transmitted. The link 19 is

connected to the first lever 7 by means of upper and lower plates connected together, and to the
lever by pins, and formed with eyes, into which a pin in the lever is entered, and on steel pieces in
which knife edges on the pin bear. The link is connected to the steelyard 21 in a similar way.

The steelyard 21 may be formed with round journals or pins resting on anti-friction wheels, but
a combination of knife edges bearing on surfaces disposed to meet the various strains is preferable.

A weight 22 is applied to the non-indicating end of the steelyard 21 to counterbalance the weight
of the long arm, so that the minutest strains may be measured, and this weight can be easily

removed when the strain to be measured exceeds its amount, so that then as much less weight will

require to be put upon the yard. For the purpose of measuring greater strains a second balanced
steelyard 23 is arranged above the first, and the strain is transmitted to it from the first by a strut

or rod 24, which can be adjusted so as to be inactive when the upper steelyard is not to be used.

The strut 24 is forked at both ends, and the strain is communicated by knife edges on the lower
yard, and is received by knife edges on the upper one. The strut is in two pieces, which are keyed
together, and when it is to be inactive the parts are keyed together in such a way as to shorten it,

whilst the upper parts being looped round the upper knife edges, it is prevented from falling. The
steelyards 21, 23, are marked in the usual way, and are provided with weights 25, 26, to indicate

the strains, and a bell alarm apparatus is fitted in connection with each yard to indicate when a
particular or proof strain is arrived at in performing an experiment. The weights are easily moved
along the yards by means of endless cords passed round pulleys at each end, actuated by small
hand-wheels. The yards are carried by two standards, 29, 30, each of which is formed in two
pieces, so as to enclose the yards between them, and with openings for the points of the yards
to work in, these openings being fitted with wooden striking pieces for the yards to come in

contact with when any sudden movement takes place from a specimen giving way. With a
similar object, wooden striking pieces are also fitted in the eyes of the "T"_Plece 8, and on the raised

abutment 14, where the "T"-piece would strike. Provision is further made for measuring and
indicating change of form in the specimens operated upon, whether by elongation, compression,

bending, or otherwise ; and the appliance for this purpose consists of two parts to be connected
separately to the cross-heads or other parts of the machine between which the specimen may be
placed. See Materials of Construction, Strength of.

TIN. Fe., Etain ; Ger., Zinn ; Ital., Stagno ; Span., Estaño.

Tin, Sn. Atomic weight = 118. Molecular weight unknown.
Tin is found in nature as an oxide, sometimes mixed with sulphur. This sulphuret of tin, or

tin pyrites, is found chiefly in the Cornish mines, but it is of little value commercially. Only
a few localities produce this metal, though it is one of the earliest known. Cornwall has always
been the main source of supply to the whole world, but recently extensive tin-producing districts

have been discovered in Australia, and it is probable that these deposits, which have been proved
to be very rich, will furnish large quantities of the metal in the future. Malacca, in the Malayan
Peninsula, and some of the neighbouring islands, have long produced tin in small quantities, and
the tin there found is in a nearly pure state. There is but one ore of tin of any importance,

namely, the peroxide, which, in its pure state, consists of tin 78 and oxygen 22 per cent. The ore

is of various colours, as grey, several shades of yellow, red, and black. Its specific gravity, which
is a noteworthy feature, is 6*9. Tin ore occurs in mineral veins running through granite or slate

rocks, or disseminated in crystals through their mass. The tin stone which is obtained from the
veins or lodes, as they are called in Cornwall, is known as mine tin ; while that procured by
washing alluvial deposits is called stream tin. The latter is the result of the disintegration of

granite and other rocks containing veins of tin. The ore is first roasted in contact with the air,

in order to convert the whole of it into oxide ; it is then heated in contact with carbon, the process

converting the carbon into oxide of carbon, and the latter reducing the oxide of tin to the state of

metallic tin.

Sn02 + 2 CO = 2G02 + Sn
Oxide of tin. Oxide of carbon. Carbonic Tin.

anhydride.

Tin is a silvery white metal with a high metallic lustre. It possesses a crystalline texture,

which may be made apparent by attacking its surface with an acid. The crystals are of the

pyramidal or tetragonal system. It is in consequence of its crystalline texture that a bar of tin,

when bent, emits a peculiar creaking sound known as the erg of tin. Tin is a soft metal, and very

malleable ; it may be beaten out into very thin laminae, in which form it is known as tinfoil. Tin
is susceptible of being pulverized directly, but it is usually obtained in a pulverized state by
fusing it and keeping it violently agitated while solidifying. It fuses at a temperature of 442°.

At ordinary temperatures it is not acted upon by exposure to the air ; but it becomes rapidly

oxidized when in a state of fusion, and at a red heat it burns with a brilliant white flame, pro-

ducing stannic anhydride, -Bn 2 . The acids, such as nitric acid or nitrate of potassa, act violently

upon tin, and produce either metastannic acid Sn5 H 10 Oi 5 , or stannate of potassa Sn K2 ?
. Tin

unites directly with phosphorus, sulphur, chlorine, bromine, and iodine. Hydrochloric acid

dissolves it, with extrication of hydrogen, and forms protochloride of tin.

*(S}) + s° - Sï} + h}
Hydrochloric acid. Tin. Protochloride of tin. Hydrogen.

Unlike all the metalloids we have noticed, tin forms with oxygen an oxide Sn O, that is a
true basic anhydride, capable of combining directly with the acid anhydrides and the acids, with
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extrication of water, and forming salts. These salts are distinguished by the following charac-
teristics ;

—

1. Water decomposes them and forms an insoluble sub-salt, whilst a certain quantity of acid
which has been liberated holds in solution another part of the salt not decomposed.

2. Potassa determines in them the formation of a precipitate which is soluble in an excess of
the reagent, but which is again thrown down when the solution is exposed in a vacuum.

3. Chloride of gold produces in the solution of these salts a purple precipitate known as purple
of Cassius.

4. With hydrosulphuric acid they give a brown precipitate soluble in hydrosulphate of ammonia,
and boiling hydrochloric acid, but insoluble in ammonia.

The combinations of tin with the metalloids which we have previously considered are the
fol]owing;

—

Protochloride of Tin, Sn Cl 2
.—The protochloride of tin may be obtained by dissolving the metal

in hydrochloric acid ; it is a solid crystallized substance, and it becomes volatile at a dull red heat.
Water decomposes it into hydrochloric acid and oxychloride of tin, Sn2 CL O.

KcÌ'}) + (1})° = s^6 + KcJ)
Protochloride Water. Oxychloride of tin. Hydrochloric acid,

of tin.

The solution of bichloride of tin, when heated with hydrochloric acid and sulphurous anhydride,
gives a yellow deposit of bisulphide of tin.

6
(ct}) + 2se

' + 8
(ci}) = SnS

< + 5
(cïj) -r *(g}o)

Protochloride Sulphurous Hydrochloric Bisulphide Bichloride Water,
of tin. anhydride. acid. of tin. of tin.

Protochloride of tin has a strong affinity for chlorine, which converts it into perchloride of tin,

and for oxygen, which converts it into a compound of perchloride of tin and stannic acid.

2Snci2 + g} + !}e = (Sn
i£"}e2 + SnCl4

Bichloride of tin. Oxygen. Water. Stannic acid. Perchloride of tin.

Perchloride of Tin.—Perchloride of tin is prepared by passing a stream of chlorine in excess
over tin slightly heated. It is a smoking liquid, which gives with water a crystallizable hydrate,
Sn Cl4 , 5 aq. The bases decompose it into stannate and metallic chloride.

SO * 6
(1}

6
) =

(Sn

i>h + *(§}) + «©•) '

Perchloride Potassa. Stancate of potassa. Chloride of Water.
of tin. potassium.

Hydrosulphuric acid gives with the perchloride a yellow precipitate of sulphide of tin, soluble

in ammonia, hydrosulphate of ammonia and boiling hydrochloric acid. Chloride of gold does not
precipitate it.

Of the bromides and iodides of tin, little need be said. The protobromide is prepared in the
same way as the protochloride, and it possesses similar qualities. The same may be ¡¿aid of the per-

bromide. The proto-iodide of tin is prepared by the direct combination of one atom of tin and two
atoms of iodine. Its properties are similar to those of the protochloride and the protobromide. The
periodide is also obtained by direct synthesis, and it possesses qualities similar to those of the
perchloride and the perbromide.

Fluorides of Tin.—Two fluorides of tin are known, a protofluoride Sn Fl2 , and a bifluoride Sn Fl
4 .

They are obtained by treating the protoxide and the stannic anhydride by hydrofluoric acid.

SnO + 2Í^]\ = SnFL + SI O+ 2
(fi}) = SnF1' + h}"

Hydrofluoric acid. Protofluoride Water.
of tin.

Sn02 + é(*}) = SnFl4 + ^(u}°)
Stannic Hydrofluoric Perfluoride Water.

anhydride. acid. of tin.

Protoxide of Tin.—When protochloride of tin is precipitated by potassa, a minimum hydrate of

tin, -ri \ 2 , is obtained, which is of a white colour and insoluble in water. It is capable of acting

both as a base and as an acid, that is, it will produce the double decomposition both with the bases

and the acids.

ff> +
B
£}* =

S
S!^ «(2}e)

mum hydrate Sulphuric acid. Sulphate of tin. »\ ater.

of tin.

Sn
H2 .

llinimum hydrate Potass. Stannite of Water
of tin. potassa.

When the watery solution of stannite of potassa is left in a vacuum, it deposits black crystals of
anhydrous oxide of tin, which decrepitate when heated and are changed into small flakes of an olive
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colour. The same solution, when subjected to the action of heat, is converted into stannate of potassa
and tin which is thrown down.

Stannite of potassa. Water. Stannate of potassa. Potassa. Tin.

The minimum hydrate of tin when boiled in an excess of ammonia loses water, leaving anhy-
drous protoxide of tin of an olive colour.

Sn)
H2 j

Hydrate of tin. Anhydrous Water,
protoxide of tin.

If the protochloride of tin is precipitated by an excess of ammonia, boiled for a moment and the

mass dried without separating the hydrochlorate of ammonia formed, protoxide of tin is obtained of

a bright red colour. This oxide assumes an olive hue when rubbed with a hard substance. Thus
the protoxide of tin is polymorphous, and the most stable of the three forms it may affect is that

which presents an olive colour.

Stannic Anhydride, Sn02
.—Stannic anhydride is produced by calcining the stannic and meta-

stannic acids. It constitutes a white mass insoluble in water and capable of giving stannates when
heated with an excess of potassa or soda.

Stannic Acid, xt \ 2
.—This acid is nothing but the first anhydride of the unknown acid VÍ

1

[ 4 .

It is obtained by precipitating the stannates by hydrochloric acid.

Stannate of potassa. Hydrochloric acid. Stannic acid. Chloride of
potassium.

Stannic acid is a white gelatinous substance, soluble in dilute nitric and sulphuric acid. Under
the influence of a gentle heat it is converted into metastannic acid.

At a red heat it loses its water, and is converted into stannic anhydride. It combines with the

bases giving salts the formula of which is Tyrxr [ ^2«

Metastannic Acid, ^
n

„-Moi0
.—This is the first anhydride of the unknown pentastannic acid,

> 16 . It is obtained by heating tin with nitric acid.
7

15 Sn + 5(^}e) + 2o(
N
^

2}o) = 3^Sn^5Joi0 + 20 NO
Tin. Water. Nitric acid. Metastannic acid. Binoxide of

nitrogen.

Metastannic acid is a white, crystalline substance, insoluble in water and in dilute nitric and
sulphuric acids ; it dissolves, however, in hydrochloric acid, and in concentrated sulphuric acid.

Water does not throw it down from these solutions.

Metastannic acid is insoluble in ammonia when it has been prepared by means of nitric acid.

But if it is thrown down from the solution of one of its salts by means of an acid, it dissolves readily

(SnO)5
)

in that alkali. With the bases it forms salts, the formula of which is H8 > O10 . When heated

mJ
with an excess of the base, these salts are converted into stannates.

Sulphides of Tin.—There are two sulphides of tin, a protosulphide SnS, and a bisulphide SnS2 .

Both of these may be obtained by passing sulphuretted hydrogen through the corresponding
chlorides.

a} + 2® e
) = s» s

*
+ 4

(ci})
Perchloride Sulphuretted Bisulphide Hydrochloric

of tin. hydrogen. of tin. acid.

Sn 3

H 12

Sn
CI'} + |}s = fln8 + s(=})

Protochloride Sulphuretted Bisulphide Hydrochloric
of tin. hydrogen. of tin. acid.

Another method of preparing the bisulphide of tin is to heat together 12 parts of tin amalga-
mated with 6 parts of mercury, 7 parts of sulphur, and 6 parts of chloride of ammonium, until the
mercury and the chloride of ammonium are completely evaporated. When prepared in this way,
the bisulphide of tin is known as mosaic gold. Both sulphides of tin unite with the alkaline
sulphides, producing sulphosalts. See Ores, Machinery and Processes employed to Dress.

TUNNELLING-, Fr., Percement des tunnels; Ger., Tunnelbau; Ital., Perforazione delle gal-
lene ; Span., Construcción dé túneles.

See Railway Engineering.
TURBINE WATER-WHEEL. Fr., Turbine; Gm., Turbine; Ital., Turbine; Span., Turbina.
A turbine is a water-wheel, having generally a vertical axis, to which motion is imparted by a

column of water entering at the centre and passing off at the circumference, as in that originally



TUEBINE WATER-WHEEL. 3015

invented by Fourneyron ; or the reverse, as in Thomson's vortex wheel. In another arrangement,
that of Burdin, the water enters from above the wheel and passes oif beneath ; in this system there-
fore the distance of the water from the axis remains constant. In some cases, as for example,
Jonval's turbine and Gerard's screw wheel, the axis is horizontal.

Turbines are usually divided into high and low pressure, the former being driven by a small
body of water having a high fall, and are therefore particularly suitable for erection in hilly

districts, where the supply of water is small and variable, while at the same time there exist great
facilities for the easy construction of reservoirs ; the latter are adapted to a large body of water
having a low fall, in some cases not more than 9 inches.

The oldest forms of wheels having a vertical axis are found in the south of France and in

Algeria. The most simple of these, called rouets volants, consist merely of an upright shaft on
which is fixed the wheel, having plain curved floats, driven by the impact of a column of water
discharged on the upper surface from a wooden trough or spout. The maximum effect obtained
from these wheels, under the most favourable circumstances, is *35 of the absolute work due to the
fall. Another form found in these parts, called roues à cuve, consists of a wheel having curved or

spoon-shaped buckets, erected in a casing of wood or masonry ; the water being applied by a pipe
at one point on the circumference, and making its exit at the centre of the wheel from the bottom of

the case or tub.

It was from an examination of this wheel that Fourneyron was led to make those experiments
which resulted in the invention of the modern turbine, the first being erected by him in Franche-
Comté in thè year 1827. These turbines, as well as several others, have already been illustrated

and described under the head of Hydraulic Machines ; we shall therefore confine ourselves to an
examination of the principles which govern the action of these wheels, and of the proper proportions
which should exist among their several parts in order to obtain the maximum effect from any given
fall. Numerous experiments made by Morin to determine the duty of turbines and the proportions
of their several parts which give a maximum duty, have thrown considerable light upon these diffi-

cult problems. In some of the following remarks we shall avail ourselves of the experience of this

celebrated hydraulic engineer.

Turbines which receive the Water at the centre and discharge from Ï233.

the circumference.—From Fig. 7233 it will be seen that this wheel
is composed of two separate and opposed series of radiating
buckets ; those in the interior a being fixed and serving to direct

the water, conveyed to them from the fall by the pipe c, with a
tangential motion upon the face of the buckets b which constitute

the wheel proper, and to which motion is thus imparted.
Percentage of Work.—From a number of experiments which

have been made with this class of wheel, it has been found that

if we make n the number of revolutions made by the wheel in one
minute, V the velocity due to the total fall, R the exterior radius

of the wheel, the number n being comprised within the limits of

the equation n = —=— and n = —s—, when the opening of the

directing vanes or sluices exceeds -§ the height of the buckets, the

useful effect transmitted by the wheel will be represented, to within
J-jj-, by the formula P v = 40*5QHtoP?; = 43-7QH foot pounds. Where P equals the mean force

transmitted to the outer circumference of the wheel in pounds ; V the velocity of the outer circum-

ference of the wheel in feet a minute ; Q the quantity of water in cubic feet passing in one minute,

and H the total fall in feet.

When the opening is from ì to § the height of the buckets, the useful effect will not be more
than Pu = 37 ' 4 Q H to P u = 41 " QH foot pounds ; and for smaller openings it will decrease still

faster.

To exemplify the use of the formula, let it be required to find the useful effect transmitted by
one of Fourneyron's turbines under the following conditions. Quantity of water passing in one

minute 1680 cub. ft. = Q ; total fall 22 ft. = H ; the absolute work of the motor is

1680 x 22 x 62-4 = 2303347 foot pounds
;

and the number of revolutions being kept between the indicated limits, we shall have

40-5 X 36960 = 1496S80 to 43*7 X 36960 = 1611152 foot pounds

for the amount of useful effect.

Proportions of Parts.—In calculating the proportions which should exist between the various

parts of a wheel of this description we shall have, R the interior radius of the sluice cylinder, R'
the exterior radius of the turbine, R" the interior radius of the turbine, and seeing that the mean
useful effect is equal to *65 of the absolute work of the motor, we shall have the relation

P v
P v = 40 '5 QH, and Q =

, from which we shall be able to determine the volume of water
40*5 H

Q passing in one minute necessary with a given fall H to obtain the required useful effect P r. If

the volume of water Q is known, the above formula will give the useful effect.

In order to obtain the maximum effect, the bottom of the wheel .should be placed a few inches

above the mean level of the standing tail-water.

The mean velocity of the water in the sluice should not exceed 5 ft. a second ; and the radius of

this cylinder is calculated by the formula R = . / - „ . Adding to the result thus obtained

1*2 in. in orvier to allow for the thickness of the metal and a slight amount of play or olearanc«
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betweeu the two cylinders, we shall have the interior radius of the wheel R" = R -f 1 • 2 in. ; and
the exterior radius will be R' = 1 • 33 R".

Dimensions and Number of the Directing Vanes or Guides, and of the Buckets.—-"When the quantity of

water passing through the wheel in one minute is between 13,000 and 20,000 gallons, the thickness

a of the sheet of water passing between two consecutive vanes, or the shortest distance of the latter

apart, should not exceed 2 • 4 in. And in proportion as the quantity of water decreases, this distance

should also be reduced. The distance between two consecutive vanes measured on the circumfer-

ence R will be I = 2a + from '16 to *20 in., according to the thickness of the iron plate of which
they are made. Dividing the circumference of the sluice cylinder 6*28 R by I and taking the

nearest whole number of the quotient which is divisible by several factors, for the number n of the

directing vanes or guides, the number n' of the buckets will he rí = 1 • 33 n. The interior height e

3*14 R2

of the turbine and the opening of the sluice will be e = . If, however, the quantity of

water sometimes falls considerably below and at other times rises considerably above the average,

it is better to increase the height e, and to divide the turbine by diaphragms of thin plate iron,

into two or more horizontal sections.

The mean velocity of the exterior circumference of the turbine will be V = *55 V2#H to

•60 V2#H.
Observations.—The preceding formulée are only applicable to falls of 6 ft. 6 in. and under.

For higher falls, or where the velocity of the stream is great, the size of the wheel should be
increased by making R' = 1-4R" for falls ranging from 6*6 to 16- 4 ft. ; and for still higher falls

R'=1-5R".
The distance between the buckets on the interior and exterior circumferences of the wheel will

fi '2ft Ti' 6*28R"
be found by the formulae ;— and :— ; and deducting the thickness of the metal employed,

J n n

we shall have the distance I and V from one bucket to the next, measured on these circumferences.

The shortest distance a! from one bucket to the next, including the thickness of the metal, will be
fi • 9Ä Tí"

approximatively determined by the formula d - ——j— . And deducting the thickness of the

metal we shall have that assumed by the sheet of water when escaping from the wheel.

Mode of delineating the Backets.—The number n of the buckets of the turbine being detrained,

as well as their shortest distance a' at the exterior circumference, divide this circumference into the

number n of equal parts, as 1 2, 2 3, R
and so on, Fig. 7234. From each of Ï234. A . ¡

these points draw tangents as 2 A, vàV-^'l
and lines as 2 B inclined at 25° to the

tangents. From the points 1, 2, as

centres, with radius 1 1', 2 2', equal to

the shortest interior distance a of the

buckets, describe arcs of circles ; in-

crease this radius by the thickness of

the metal forming the buckets, and
describe other arcs, as 1 V, 2 2"; then

the interior curve of the buckets will

be tangential to these arcs, and the

exterior curve tangential to the arcs

1 1', 2 2'. The exterior surface of the

bucket may then be determined in the

following manner. Produce the line

2 2'" outside the exterior circumference

and make 2 2"*' equal 2 2'; join the

points 1 and 2'". At the centre of

the line 1 2'" erect a perpendicular,

and the point where this perpendicular

cuts the line 2 2' produced will be the

centre of the arc of the circle forming
between the points 2 and l'the profile

of the bucket. For the portion of this

profile comprised between the point 1'

and the interior circumference we pro-

ceed in the following manner. From
the point O, with radius C 2", describe

an arc cutting the inner circumference in D, which will complete the trace of the bucket. The
position of the point C is determined in the following manner. From the centre of the wheel O
draw a line, as O C, cutting the line 2 2' prolonged in a point C situate outside the interior circum-
ference, bisect the line in d, and from d, with radius d O, describe a semicircle which will cut the
interior circumference of the wheel as at D ; then, if the distance D C equals C 2", C is the point

required. If the distance D O is less than C 2" draw the line O C nearer to 2", if it is greater draw
it farther from 2". After two or three trials the position of the point C may be found with sufficient

accuracy for all practical purposes. In order to narrow the discharging channels a little at their

commencement, it is necessary to increase the thickness of the bucket ou its exterior surface. The
form of curve 2' ab which should be adopted may be traced with sufficient accuracy by hand,
taking care, however, that it starts tangentially from the first part at 2' and gradually rejoins the
interior surface of the bucket at D.
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To trace the Directing Vanes.—From the point D draw a line D E making with the tangent D F
on the interior circumference an angle of 30°

; this will give the direction which should be taken

by the water when leaving the supply cylinder. At the point D on the line D E erect a perpen-

dicular D O" ; from the centre d' of the line D O erect a perpendicular d' O" ; and the point O"

where these perpendiculars intersect will be the point from which to describe with radius O" D
the profile of the directing vane. The half only of these directing vanes will be extended to the

central supply cylinder ; the length of the remainder being determined by a circle drawn from the

centre O with radius O O".
Example.—Let it be required to construct a turbine of 40 horse-power for a fall of 6 ft., which

33000 x 40
shall return a useful effect of '65 of the total work. Then we shall have Q = — = 5432

40 - 5 x 6

foot pounds.

/ 543'?
The radius of the sluice cylinder will be R = A / .= 33*5 in., and adding to this 1*2 in.V 4-712

for the thickness of metal and clearance, we shall have R" = 34 ' 7 in., and W = 1 ' 33 x 34 • 7 =
49-7 in.

Taking a = 2*4 in. and deducing from it the distance apart of the buckets on the interior

circumference of the wheel I — 2 a = 4*8 in. ; then n = — = 43*31, and taking the round
V

number n = 44 for the number of directing vanes, we shall have n' = 58 for the number of buckets.
fi" 28 v "34 7

The distance apart of the vanes will be - = 4*93 in., and the thickness of the metal
44

being taken as "2 in., we shall have a = 2*66 in. The arc occupied by each bucket will be
6 ' 28 x 49 ' 7— = 5' 4 in. ; and the thickness of the sheet of water passing between two consecutive

buckets will be a' = 2 • 7 in.

The velocity of the exterior circumference of the wheel in feet a second will be

V" = *55 v 64-4 x 6 =*10*8, and the number of revolutions made by the turbine in one minute
-
; XT 10-8 x 60 nn n

Wheels of this kind may be erected with advantage under any fall whether high or low;
they occupy but little space, and their weight in comparison with the power which they exert is

very small. They exert a useful effect equal to '65 and often to *70 of the absolute work of

the fall, when the sluice-gates are open nearly or quite to the full height of the wheel. They may
be driven at varying velocities without any notable variation in the maximum effect. They will

work at a great depth under water without the proportion of useful effect to the absolute work
being sensibly diminished ; so that by placing them at the lowest level of the water, we may at all

times utilize the full height of the fall.

This wheel possesses the following detect. When the opening of the sluice-gates is less than
two-thirds the height of the wheel, the useful effect will be found to decrease in proportion as

the openings become smaller. This constitutes a serious defect in those situations where the

supply of water is very variable. In fact, m the time of floods the wheel with its sluice-gates open
to their full extent will, although drowned, return a useful effect of "70 of the total work of the
fall; whilst in seasons of drought when the supply of water is small, and the height of the fall at

its maximum, as the sluices can be opened but a fraction of the height of the wheel, the useful

effect will fall to "60 and often to '50 of the total work This defect may however, to a great

extent, be remedied by the employment of horizontal diaphragms, dividing the wheel into several

horizontal zones.

A regulator may be used with this turbine, but in that case the sluices cannot be opened to their

full extent.

Turbines which receive the Water at the circumference and dischai'ge from the centi e .—The action

and construction of this class of wheel has been fully described under the head of Hydraulic
Machines, pages 1923 and 1932.

Turbine which receives the Water from above and discharges from the loicer siae.—This turbine is

composed of two cast-iron zones or rings placed one above the other, Fig. 7235, the lower one, which
is the wheel proper, containing the buckets b, which are constructed with helicoidal curved
surfaces ; in the upper zone, which is fixed, are placed the directing vanes or guides a, which serve

to discharge the water at the proper angle on the face of tüe buckets beneath. The quantity of

water admitted to the wheel by the guides is regulated by the vertical rods c which, by means of a
very simple contrivance, may be raised and lowered together at pleasure. The pivot which supports
the vertical axis of the wheel, instead of being in the water, is placed above. In situations

exposed to great and long-continued floods these wheels are constructed with a double system of

guides and buckets as a a', b b', Fig. 7236 ; and by this means they may be easily adapted to the
passing of very varying quantities of water.

Useful Effect.—From a vast number of experiments which have been made it has been found
that when the vertical rods are raised so as to leave the openings of the directing vanes entirely

free, the useful effect transmitted by this wheel will equal from "68 to -70 of the absolute work of

the fall, and we shall have the formula P v = 42- 4 Q H to P» = 43 6 Q H. And when the rods

are lowered so as to reduce the quantity of water discharged in the proportion of 4 to 3, the useful

effect will not fall below "575.

Example.—What is the useful effect given by a wheel of this class under the conditions Q = 9*4

cub. ft. and H = 5 ft. ? The rods being raised so as to allow of the maximum discharge of water,

we shall have by the foregoing rule P v = 12-4 x 9*4 x 5 = 1992*8.
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Construction.—If the volume of water Q is not known, it may be calculated by the formula
Pu

Q =——— , the notation of which has already been given.
4¿ * x xi

The turbine should be so placed that

the under side of the wheel is a short

distance above the usual level of the tail

water.

The thickness a of the sheet of water
passing between the directing vanes should
not exceed 2 *4 to 3 • 1 in. for large volumes
of water, usually it is limited to 1*6 or

2 • in. ; and the angle made by the mean
fluid vein with the upper surface of the

wheel will be 25°. The number n of

the guides will be half the number n' of

the buckets, and we shall have n' = 2 n.

The length e of the supply channels, mea-
sured in the direction of the radius, will

be equal to three or four times the thick-

ness of a ; but where the quantity of water discharged is very great, this length may be still further

increased. The guides being generally of cast iron they will occupy on the circumference of the

fixed portion of the turbine a thickness of about * 4 in. The portion I of the mean circumference
a + '4

corresponding to the lower side of each supply channel will be found by the formula I = —
:

——
6

sin. /o
a, x * 4

The number n of the supply channels will be n = . The mean radius

n I

42-4aeV64-4H

On each side of this circumference, lay off in the

•423

R, will be calculated by the formula R = „J 6-28
direction of the radius, £ e, and the circles drawn through the points thus obtained will give the

width of the directing vanes and the upper side of the buckets; the lower side of the buckets

should be increased by at least 1, in order to allow of the free discharge of the water. The thick-

ness of the sheet of water flowing from the buckets of the wheel, or their shortest distance a' from
the under side of one bucket to the next, will be \ a, the sheet of water flowing between two
consecutive directing vanes or guides. The angle formed by the buckets with the under side of the

wheel should be about 30°. The height of the wheel h', not including the guides, will be three or

four times the thickness a.

Mode of delineating the Buckets.—The velocity U of the water upon the turbine being given by

the formula of approach U = •9/s/2g~H
J
the velocity of the mean circumference of the wheel

will be V = G */2glí. Draw through the point m, Fig. 7237, situate on the mean circumference
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of the wheel, a line making with the horizon an angle of 25°; mark off on 'this line a leDgth m 6,

representing to a certain scale the velocity U. Upon the horizontal passingthrough the same point m,
lay offthe length m a= V, and con-

7237.

*-.

struct the parallelogram m a be,

of which the side m c will repre-

sent the direction and the value

of the velocity of the water, requi-

site to bring it without shock,

upon the buckets ; and the mean
profile of the bucket will be an
arc of a parabola passing from
the point m tangentially to the

line rac, and joining the under
side of the wheel at m', where
it is tangential to the line m'n
making with the horizon an angle

of 30°. The axis of this parabola

may be found by the proportion
'

_ h tang. 30°

tang. 30° + tang, c' m a'

in which h' is the height of the

turbine, not including the guides,

and the angle d in a' is furnished

by the trace. Knowing the axis

of the parabola it will be easy to ^--'

complete the curve. The profile

thus determined is that which corresponds to the mean circumference of the wheel, and when the
wheel is narrow the same profile may be adopted for the sides. When, however, the length c is

considerable, it is better to draw, by the same method, the profiles corresponding to the outer and
inner circumferences as well as the mean profile.

Example.—Let it be required to construct a double turbine under the following conditions. The
quantity of water to be discharged in ordinary times is 57 cub. ft., with a fall of 10 ft. ; in the time
of floods the water is increased to 85 cub. ft. while the fall is reduced to 7 ft.

The total force will equal in ordinary times 57 X 62' 32 x 10 = 36522 foot pounds, and in times
of flood 85 x 62-32 x 7 = 37073 foot pounds.

For the proportions of the exterior wheel, which is worked by itself under ordinary conditions,

O 57
= 3'3 sq. ft. If we take a = 2-4 in. = '2 ft.,

~^

we shall have nae =

e = 3a = 7*2in. =
*68a/2#H

6 ft., we shall have n =
68 a/64-4 x 10

3-3 sq.ft.

2 ft. x -6ft,
= 27*5 , from which we take the nearest

whole number n = 28. For the length of the arc of the mean circumference occupied by each

directing vane or guide we shall have I =

28 X 6-62

a + *4 in. 2*4 in. + *4 in.
= 6 - 62 in. : and from this

K =
6-28

2-46 ft.

sin. 25° -423

The number of the buckets of the wheel will be n' = 2 n = 56, and

their shortest distance on the lower side a' = - = 1*2 in., with a length ef = 1*1 e = l'I x 7*2

= 7*9 in. The exterior radius of the directing vanes and of the upper side of the wheel will

7*2
be 29*5

-J
——- = 33*1 in. The velocity V of the mean circumference in feet a second will be

.V = *6 */2gH. = *6 a/64-4 x 10 = 15*23 ft. ; and the number of revolutions made by the turbine

. .... 60 V 60X15-23
in one minute will be N =^^ = 6^2*46 = 59« 15.

To determine the dimensions of the inner wheel, when the height of the fall is reduced to

7 ft., it must be borne in mind that the quantity of water passing through the outer wheel

being Q = '68 X 28 x "2 X '6 a/64-4 x 7 = 4S'62 cub. ft., the volume received by the inner
Making a = 2*4 in., e = 4a = 9*6 in.;

= 2*5 sq. ft., and we shall have n = ,,",.' n
'

ni
=15-6; and

wheel will be 85 cub. ft. - 48 cub. ft. = 36-38 cub. ft

36-38
then nae

68 a/ 64-4 x 7

taking the nearest whole number n = 16 ; I =
a + *4 in.

sin. 25°

"2 ft. x -8 ft

2-4 in. -f-
-4 in

•423
= 6-62 in.: and

K = 16 X 6-62

6728
= 1-4 ft.

The velocity of this wheel may be varied within certain limits on either side of that correspond-

ing to the maximum effect, without the proportion of the useful to the absolute work diminishing
in any marked degree. The maximum force which this wheel can exert rises to 1*48 times that

corresponding to the maximum effect for the same openings of the guides. The employment of a
double system of guides and buckets renders this wheel particularly suitable for situations where
the volume of water is very variable, as it provides for the discharge of large quantities in times
of floods, without any resulting inconveniences when the supply is small. The improvement of
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substituting for the vortical rods a flexible band which, permits the entire opening of any number
of guides while the others remain closed, does away with the disadvantage of partial openings and
renders the action of the wheel more uniform under all conditions of water. The erection of this

wheel does not present any great difficulties, and requires few hydraulic constructions. The pivots

being placed^ above their water, can at any time be examined and oiled with little trouble. A governor
may be used, provided that the guides are not entirely opened. This may therefore be classed as

one of the best forms of turbine.

Leffel's Double Turbine.—This

wheel, which has been largely

introduced in America, there

being at the present time, 1874,

upwards of 6000 in operation,

possesses several peculiarities of

construction, and the inventor

claims for it great advantages
over every other kind of water-

wheel. It differs from the double
turbine already described in

having its two series of buckets
situate one over the other, and in

each set being constructed on a
separate principle ; the upper set

being simple radii discharging
their water centrally, the lower
set curved and discharging from
their lower side. The water is

directed upon both sets at the
circumference by means of

movable guides.

The peculiarities of its con-

struction will be understood by
a reference to the figures. Fig.

7238 is an elevation of the wheel
ready for fixing, showing guide-
rods, guides, and outer casing;

Ï238. Fig. 7239 is a vertical section
through the same ; Fig. 7240
an elevation of wheel removed
from casing ; Fig. 7241 a plan
showing direction of buckets,
and also the guides and guide-
rods ; and Fig. 7242 a view
of a cast-iron flume or casing.
In these figures, a is the outer
casing to which are fixed the
guides 6; c are the rods fjr

regulating the opening of the
guides. These rods are at-

tached at the centre to the
arm c?, which at its outer end
consists of a segment of a
toothed wheel, into which is

geared the pinion e, from
which pinion a rod passes
upwards to any convenient
position. By these means,
the guides may be easily

regulated to any desired
opening. / denotes the upper
buckets, having a horizontal
discharge, and g the lower
buckets, from which the dis-

charge is vertical. The sphe.

rical iron flume or penstock, Fig. 7242, is cast in two portions, and firmly bolted together so as to

be perfectly air and water tight ; it is furnished with a movable cap or cover h sufficiently large to

allow of the wheel being removed bodily if from any cause such an operation should become neces-

sary. In the cap is a hand-hole i, and in the sides, two large man-holes k, by means of which the
wheel can at any time be examined, and any dirt or rubbish, which from carelessness or other cause
has got there, may be removed. At the side is a short pipe having a flange by which it is joined
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to the supply pipe or wooden penstock, and at the bottom is another short pipe through which the

water makes its escape after being discharged from the wheel ; the lower end of this pipe should be

?240. Ï241.

nor

33121 e
.

placed about 1 in. below the surface of the standing tail-water. To the top of the cover h is

firmly bolted a bridge-tree for the support of the upper end of the water-wheel shaft, to which is

attached a clutch coupling I The water-wheel shaft and the guide-rod both pass through Water-

tight stuffing boxes.

The advantages claimed for this wheel are, that by the use of two sets of buckets, each having an
independent discharge, provision is made for the maximum discharge of water with the minimum of

friction, and that therefore the percentage of work will greatly exceed that obtained from any other

wheel. It would appear, however, that the principal use of the upper buckets will be to provide an
easy outlet for a large body of water without in any way extracting from it a due proportion of

work. The makers lay great stress upon the amount of care which is bestowed upon the manu-
facture of these wheels, and the high finish which is given them. These, of course, are cond.tions
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which would greatly improve the action

Leffel wheel is held is due rather to these

peculiar arrangement of the buckets.

A turbine, on the Herschel-Jonval

system, was erected in 1867 for the

Kränholm-Manufactur-Narva, near St.

Petersburg. The height of fall in this

case is 25 ft. ; the quantity of water

passing in one second, 570 cub. ft,, and
the speed fifty revolutions a minute.

The efficiency of this turbine is stated

to be 70 per cent., the effective work
done being equal to nearly 1200 horse-

power. The wheel is 12 ft. 1£ in. in

diameter, and the buckets are made of

wrought-iron plate cast into the wheel,

and surrounded by a wrought-iron ring.

The buckets of the guide-wheel are also

of wrought iron, but the encircling ring

is of cast iron. The casing of the tur-

bine is 12 ft. 11 in. in diameter, and it

consists of five rings, each made in two
parts, the second ring carrying the bear-

of any wheel, and it may be that the esteem in which the
conditions than to any special advantage afforded by the

72-12. ing for the axis of the turbine,

whilst the lower ring is sup-
ported by eight buckets sur-

rounded by an annular sluice.

This sluice is counterbalanced,
and can be raised by suitable

hand-gear ; while a main sluice

valve is also provided for en-
tirely shutting off the water if

required. Two horizontal tubes
placed through the casing of the
turbine act as supports for the
footstep bearing of the turbine
shaft, and allow of the lubrica-

tion of this bearing by an oil

tube. They are also of such
size that access to the bearing
may be had through them. The
height from the bottom ring to

the top of the turbine shaft is

38 ft. ; the latter is of wrought iron and is 1 ft. 3f in. in diameter. The bevel-wheels by which the
motion is taken off, are 12 ft. in diameter, and each is made in two parts bolted together. The total

weight of the turbine is 14 tons. The works which this turbine assists in driving comprise a cotton
mill, with 239,692 spindles, and weaving sheds containing 1647 looms. It was constructed by the
Maschinenfabrik-Augsburg, of Augsburg, Bavaria.

TURN-TABLE. Fk., Plaque tournante; Ger., Drehscheibe ; Ital., Piattaforma girante ; Span.,
Plat iforma.

See Permanent Way. Railway Engineering.
TUYERE. Fr., Tuyère ; Ger., Form ; Ital., Foro del vento ; Span., Tobera.

See Blast Furnace. Iron.
UNDERSHOT-WHEEL. Fr., Roue en dessous; Ger., Unterschlächtiges Wasserrad; Ital., Ruota

a palette di sotto ; Span., Rueda de paletas.

See Float Water-wheel. Hydraulic Machines, Varieties of.

UNIVERSAL JOINT. Fr., Joint universel; Ger., Universalgelenk ; Ital., Snodo universale;
Span., Junta universal.

See Joints.
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VELOCITY. Fb., Vitesse; Geb., Geschwindigkeit ; ìtal., Velocità; Span., Velocidad.

The speed with which a body is moving is termed its velocity. If tiie body moves uniformly,

this may evidently be measured by the quotient of the space divided by the time. Thus the
velocity 30 miles an hour would be represented by 30 if the units be miles and hours. When the
movement is not uniform, the velocity is measured by the space described in an inñnitely small

ds
time, divided by the time. Thus — is the measure of velocity. See Angular Motion.

dt
VENTILATION. Fb., Ae'rage; Geb., Luftwechsel; Ital., Ventilazione; Span., Ventilación.

Ventilating and Warming.—As ventilating and warming are kindred subjects, intimately con-

nected in practice, we have preferred to include them in one article ; but f°r greater clearness and
simplicity we shall investigate the questions relating to each separately.

Ventilation consists in the removal of all vitiated air from an apartment and in the replacing of

it by an equal quantity of pure air. To appreciate fully the necessity of this operation, it is requi-

site to understand the composition of atmospheric air and the causes of its vitiation.

Atmospheric air, in its normal or pure state, is composed of oxygen and nitrogen in the pro-

portion of 21 to 79 ; it also contains a few thousandth parts of carbonic acid, a variable quantity of

vapour of water, and a little carburetted hydrogen. Schcenbein, of Basle, in 1840, and more recently

Houzeau, of Rouen, have proved that the atmosphere contains ozone also, in the very small pro-

portion of T40
1
000 it is true, but varying according to situation. Thus in large cities it disappears

altogether; while its presence is very appreciable in the country, especially on the tops of hills and
in the depths of forests. No doubt this is one of the chief causes of the salubrity of country air.

It has been remarked that when the wind blows from the south-west, the air contains its maximum
quantity of ozone, and that at such times the mortality is low. Many careful and delicate observa-

tions have yet to be made to complete our knowledge of this agent ; but enough has been learned

respecting it to show that it plays an important part in preventing and arresting the progress of

fermentation, and consequently in promoting the salubrity of the atmosphere. Agricultural che-

mistry teaches us that the atmosphere always contains a variable quantity of nitrates and ammonia
generated by the incessant decomposition of organized bodies. It is by bringing down these sub-

stances that rain fertilizes fallow ground, and in one manner acts beneficially on vegetation. The
quantity is largest in the neighbourhood of large towns, where it is probably in excess. But as

they exist everywhere in a greater or less proportion, we must consider these bodies as constituent

parts of a pure atmosphere. It is only in recent years that the intimate composition of air and
its actual influence upon health have been made subjects of careful investigation. Formerly it

was deemed sufficient to consider it merely in relation to its temperature. This was one of the

greatest errors committed in the matter of ventilation, and it is too often fallen into even in the
present day.

Such is the atmosphere in its pure state. It is rare, however, that we find it free from polluting

matters. "When a ray of sunlight falls into a darkened room, it reveals to our sight myriads of

vegetable and animal molecules which, under ordinary conditions, are invisible. These molecules
are derived from the friction of bodies, the emanations caused by the progress of vegetation in plants,

the respiration and transpiration of animals, and the combustion of vegetable, animal, and mineral

substances. The air contains also the products of fermentation and effluvia of various kinds.

When the air of towns, or even that of the open country, is analyzed, we find that it holds in sus-

pension matters derived, not only from the soil, from animals and plants, but also from the surface

of the sea, which matters are carried by the wind to very great distances. These myriads of micro-

scopic germs play an immensely important part in the organized world. They are the agents of

corruption, the sinister authors of disease, continually on the watch for an opportunity to insinuate

themselves into the human organism to deposit their deadly poison. The researches of chemists

and physicians, especially those of Faraday, have shown almost demonstratively that the worst

epidemic diseases are due to these causes. Such facts are of themselves sufficient to render abun-
dantly evident the necessity of providing oui1 dwellings, and above all our hospitals, with an ample
supply of pure air by means of a system of ventilation. But there are other causes of vitiation

that are also of grave importance.
It has been ascertained that the average quantity of air inhaled by a person sitting still, or moving

gently about a room, is 600 cub. in. a minute. This air, when expired, differs in several respects from
what it was when inspired. Whatever its temperature may have been previous to inspiration, on
quitting the lungs it has about the same temperature as the blood, that is, about 90° Fahr. Thus
it is not surprising that several persons together in a room, in which the ventilation is deficient,

speedily raise the temperature of the atmosphere in it, seeing that each pours into the limited

atmosphere of the room 600 cub. in. of air at 90° every minute, irrespective of the heat which is given

off his body by radiation. Also whatever degree of dryness the air may possess previous to inspira-

tion, after expiration it is saturated with vapour of water. Nor are these the only changes that the

air undergoes during- its passage through the lungs. Another and a very important one is that a
quantity of its oxygen, equal to 5 per cent., is absorbed, and its place supplied by an equal quantity

of carbonic acid. Thus, a man in an air-tight room having the form of a cube of 6 ft. side will, in

the course of twenty-four hours, have passed every particle of the air in it through his lungs, raised

the temperature of the air to that of his own body, neglecting the quantity of heat abstracted by
the walls, and seriously changed its composition by absorbing oxygen and substituting carbonic

acid. The quantity of water which he will throw upon the atmosphere in the form of vapour will

vary greatly according to the individual and the season.

The composition of the air is also changed by the combustion of lights, which also deprives the
air of a portion of its oxygen and disengages carbonic acid ; at the same time the solid products of

combustion are thrown upon the air.

The preceding causes of vitiation may be described as internal, since they operate within the
building to be ventilated. But we have in addition to these, external causes of vitiation, or causes
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that operate out of doors, and which must always be taken into account ìn designing a system of

ventilation, a necessity that is too frequently forgotten. The chief of these causes are the gaseous

and solid products of combustion discharged from the chimneys of dwelling-houses and factories
;

the decomposition of animal matter ; the decomposition and fermentation of vegetable matter in the
fields and in the markets, streets, and back yards of towns ; the gases and miasmata, due to the

same source, which are discharged from sewers, and, of course, the internal causes which we have
already described, and which are carried out into the external atmosphere. Against all these

vitiating causes, nature has provided an efficient remedy in the absorption of the polluting matters
by the vegetables, the health of which they tend to promote. Consequently, in the open country,

unless the source of pollution be situate very near the dwelling, the external vitiation of the atmo-
sphere may be safely neglected. But in towns, and especially in large towns, where these causes
are multiplied and intensified, and where the absence of vegetation lessens the remedial influences

provided in nature, it becomes a matter of serious importance, and one that must be carefully con»

sidered when estimating the quantity of air requisite for ventilative purposes. Hitherto this subject

has been strangely neglected ; in no work treating on ventilation that we are acquainted with, is it

even mentioned. A certain number of cubic feet a minute for each person has been considered
necessary both by writers and government commissioners, quite irrespective of locality. That such
an opinion is altogether erroneous, the facts described above sufficiently show.

The causes of a vitiated atmosphere are so numerous, and many of them are so potent, that

the necessity of a constant renewal of the ak of an apartment is one of primary importance to

health. This is especially the case in public buildings, where large masses of persons con-

gregate, and in hospitals, in which the causes of vitiation are enormously intensified. But we
need not enlarge upon a necessity the gravity of which is so obvious, and which is now generally
recognized.

The modes of renewing the air of an apartment are few and simple. Heated air, as is well

known, has a tendency to ascend. Advantage is taken of this fact to allow the heated and vitiated

air to escape, its place being supplied by the denser external air. This may be described as the
natural mode of ventilation, and is in general the most effective. Another mode is to exhaust the
air from the apartment by means of a fan. This has been successfully applied to certain classes of

public buildings ; but it is not generally suitable. Simple as these means are, however, the appli-

cation of them presents great, and in some cases insurmountable, difficulties. If it were merely a
question of extracting the vitiated air and supplying its place with pure air, few things could be
more easily effected. But the operation has to be performed without occasioning a perceptible

draught, as the latter is as much to be dreaded as the foul air, and herein lies the problem. This
problem evidently admits of only one solution, namely, by admitting the air through a passage
having a widely-extended area, and situate at a considerable distance from the persons in the
room. The best way of effecting this is to admit the cold air through a number of minute holes

spread over a large space in or near the ceiling. A channel, for example, in communication with
the outer air, is provided behind the cornice, and the air is allowed to enter the room through
holes, or through long narrow openings covered with perforated zinc. When these conditions are

properly complied with, the air can be admitted with a low velocity, and at such a distance above
the persons in the room that no draught is felt. But in the fulfilment of these conditions, many
difficulties, architectural and others, are met with. The former may be overcome ; the latter are in

many cases insurmountable. What these difficulties are we shall see when describing the various

systems of ventilation. Two things may be mentioned here as militating seriously against every
system, namely, the imperfection of structures, which allows the cold air to enter through the doors,

windows, and crevices, thereby causing unpleasant draughts, and the necessary opening and shut-
ting of doors, whereby the temperature of the room is suddenly lowered, and the direction of the
currents changed. To remedy the latter evil, it has been proposed to construct double doors, similar

to those used for the same purpose in mines; but though the plan fully answers the purpose
intended, it has been found to be impracticable.

With respect to the position of the inlet and outlet apertures, there has been much controversy.

Until recently it has been taken as a matter of course, that because heated air has a tendency
to ascend, the aperture for its escape should be near the ceiling, and that the admission of the
cold air should, on the contrary, be near the floor. This principle has been generally adopted
in practice, with the disagreeable consequence of a cold draught along the floor. This notion
respecting the ventilating currents is evidently due to a misconception concerning the motion of the
heated air. The latter has of itself no tendency to ascend ; but it rises because, having increased
in volume under the expanding influence of heat, it is pushed up by the denser surrounding air.

Now it is obvious that the denser fluid will exert the same force upon the less dense wherever its

inlet aperture may be situate. Consequently, a better position for this aperture is near the ceiling,

because, when so situate, the incoming air gets diffused in the atmosphere of the room before

reaching the persons in it. It is also equally obvious, that the heated air will be forced as freely

out at the bottom of the room as at the top, if we only provide that it shall escape into the
atmosphere at a height not below that at which the cold air enters. Such a situation is therefore

the best for the aperture of discharge; because when so placed, the air near the floor, which
is always more or less cooled by currents entering beneath the doors, is kept at an agreeable
temperature. Besides this, the heavy matters, such as carbonic acid gas, and the solid molecules
floating in the atmosphere, are more readily and effectually swept away. This principle of
ventilation, which rests upon indisputable facts, is being gradually substituted for the old and
erroneous one still in very common use.

The quantity of air that should be passed through a room in a given time in order to keep the
atmosphere in it in a proper state of purity is a question of primary importance. Authorities are
not agreed on this matter. Thus Peclet, calculating from the quantity of carbonic acid produced,
says 5 cub. ft. a minute of fresh air should be allowed for each person. Eeid, calculating
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from the quantity of fresh air required to carry off all the contaminations resulting from
human life, says 10 cub. ft. The government commissioners say from 10 to 20 ; Morin, 15 to 20,
and Amutt and Koscoe, 20. The quantity of air actually inhaled by a person when sitting still, or
moving gently about a room, is about half a cubic foot a minute. The miasmata or effluvia derived
from the various secretions of the body, which, as we have already said, constitute the most potent
and dangerous cause of vitiation in the atmosphere, will require, say 1 cub. ft. a minute, for we can
estimate this vitiating cause only approximatively. This allows a film or covering of air f in. thick
over his whole body, which film is changed every minute. But when undergoing moderate
physical exertion, or when heated by crowding in a public room, the quantity of air breathed is

nearly 1 cub. ft. a minute ; and as the poisonous emanations from the body are increased in a like
degree, we may assume that 3 cub. ft. a minute is the minimum quantity of fresh air requisite for

each person. This minimum quantity is, however, calculated on the assumption that at the
expiration of the minute the air fouled during that time is instantly and completely removed from
the room. Such is far from being the case, and to take this fact into account, we must double the
quantity previously found. Moreover, it will be necessary to provide a sufficient margin to allow for

interruption of the ventilation and unforeseen contingencies. The factor of safety to give this
margin should not be less than 2. This gives us as the requisite quantity of fresh air for each person
12 cub. ft. a minute. We have already explained that the atmosphere of towns is less pure than
that of the open country; this fact must be taken into account when estimating the requisite
quantity of air, for when the fresh air is itself vitiated, a larger quantity must be passed through
the room. Therefore, in calculating the ventilation, 12 cub. ft. a minute for each person should be
allowed in the open country, 15 cub. ft. in small towns, and 18 cub. ft. in large towns.
A candle or small lamp heats the air and fouls it with the products of combustion to a degree

requiring 1 cub. ft. a minute, and an ordinary full-size gas-burner eight times as much. According
to the Blue Book, an ordinary open fire-place requires about 1000 cub. ft. of fresh air a minute. All
of these causes of vitiation must be duly allowed for in calculating an adequate ventilation. To
illustrate the application of these principles, suppose we have to ventilate a private room, say a
dining-room, calculated to accommodate fifteen persons, and having four gaslights and one fire.

The quantity of air necessary to keep the atmosphere of this room in the requisite state of purity,

will be for the country (12 x 15) + (8 x 4) + 1000 = 1212 cub. ft. a minute ; for the small town
(15 x 15) + (8 x 4) + 1000 = 1257; and for the large town (18 x 15) + (8 X 4) + 1000 = 1302
cub. ft. a minute. As the fresh air entering should never have a velocity greater than 3 ft. a second,

the total area of the orifices through which it is admitted will in this case be 6 '75, 7, and 7*25
sq. ft. respectively. The velocity of the air in the channels leading to these orifices may, of

course, be much greater than 3 ft. a second ; but it should be kept down to the lowest possible

limit. If these dimensions be given to the inlet apertures, very little cold air will force itself in

through the doors and windows ; and if the apertures be situate near the ceiling and widely dis-

tributed, no draught will be felt in any part of the room.
No system of ventilation can be considered perfect that allows the fresh air to enter at the same

temperature as that of the external air, and experience has shown that no such system can be suc-

cessful even in effecting an adequate ventilation by reason of the opposition it meets with. In our
climate the outside ah is too cold during seven months of the year to admit of its being introduced
directly into oui- apartments. The dangers of the cold current are as great as those of imperfect

ventilation ; for while the latter brings fevers, cholera, and diseases of a similar character, the

former brings colds, rheumatism, bronchitis, and consumption. For this reason, as well as from the
discomfort which cold draughts occasion, it has been found that w7hen the incoming air is not pre-

viously warmed, the apertures are speedily closed up, the occupants of the apartment preferring

stuffiness to cold. This condition of warming the air previous to admission greatly complicates the

problem of ventilation, but it must be considered as essential to any system.

One effect of heat upon air is to raise its point of saturation. One cubic foot of air, say at 32°,

is capable of containing a certain quantity of moisture, and no more. But if we raise its tem-
perature to 80°, which is near that of the human body, it is capable of containing five times

as much, and consequently it absorbs moisture from everything that contains any. This heating

of the air does not dry it in the sense of extracting moisture from it ; it only increases its capacity

of containing water, thereby rendering it more absorbent or thirsty. Air suddenly heated is thus

rendered unwholesomely dry, and this is an important point in regard to the subject of warming,
requiring careful consideration. Whenever the fresh air is warmed before being admitted into a

room, an evaporating pan, or some other means, must be provided to supply the air with the neei s-

sary degree of moisture.

We shall now consider the various modes of applying the foregoing principles to the ventilation

of different classes of buildings.

The atmosphere of a room may be renewed by one of three means, or by a combination of auy
two of them ; fire suction, that is, by placing the room in communication with a Hue, at the bottom

of which afire is kept constantly burning; mechanical suction, which is produced by moans of a

fan placed at the outlet ; and propulsion, which is effected by means of a fan or pump placed in

communication with the inlet. Each of these means possesses advantages that render it suitable

according to the character of the building and the object sought.

The advantages of fire suction are, that it is the most simple and natural mode of v< nt dation ;

it does not require, as the other systems do, the attention of special attendants; it extracta the

vitiated air directly from the point where it is produced ; and it is the most economical, sinoe in no
case can the cost exceed that of the fuel consumed, and in most cases this can be reduced to a very

small quantity by utilizing the heat of the ordinary fires. On the other hand, it has been urged
against this mode of ventilation, that it interferes with the draught of the chimneys, draws into the

room the smells from the kitchen and other offices, mingles the emanations of the patients in hos-

pitals, and necessitates flues of large dimensions. Most of these disadvantages, however, are due
9 G
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rather to a defective arrangement than to the nature of the system itself, and might be obviated by-

greater attention to details. ... ., .

For the mode of ventilation by injection, it is claimed that the quality and quantity ot the air

admitted may be better regulated, that it may be directed to the spot required, that the risk of fire

is lessened, and that the cost of tall up-cast shafts is save-1. Evidently the advantages of both modes

are considerable, and neither can be condemned as absolutely inferior to the other. Fire suction is

fir more generally applicable than any mechanical contrivance ; but the latter may, in some cases,

be fur more effective. Circumstances will always determine the choice.

The Ventilation of Hospitals.—The ventilation of hospitals is subject to conditions essentially

different from those which have to he complied with in other public buildings. Here the causes of

vitiation are more numerous and much more serious. The virulent effluvia rise to every part of the

ward, insinuate themselves into every crevice of the ceiling or floor, and hang about the curtains

and bedding. Thus it is necessary, not only that the ventilative current should be abundant and

reach every portion of the apartment, but that it shall not carry the emanations from one patient to

the next ; in other words, the ventilation must be so carried out that each patient shall be freed from

his own emanations and protected from those of his neighbour.

One method of fulfilling these conditions, which has been very successfully employed in the

United States, is shown in Fig. 7243. In this method the fresh air is admitted to the patient

through a long narrow a¡. erture covered with a perforated plate, situate a little above his head, and

7243. 7243*.

w 7244.

taken out beneath the bed through an aperture in communication with a suction-flue. This is one

of the cases in which insufflation may be advantageously combined with suction. Fig. 7244 is

another American example of hospital ventilation, very similar in general arrangement to that

carried out in many European institutions. The fresh air, after being heated by a stove, first

ascends to the ceiling, and is then drawn down to apertures near the floor by smoke-flues under the

roof. The wards, in this case, are of one story only.

In the designing of a new building, care should be taken to provide for a thorough system

of ventilation, the wholesomeness of the structure being of more importance than its artistic appear-
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ance. In the case of a hospital, above all others, the laws of health should take precedence of the
laws of beauty. If this necessity be borne in mind by the architect, there is not much difficulty in
adopting the most suitable and efficient system. But in the case of old buildings the difficulty is
much greater, and it often becomes necessary to modify a system in order to adapt it to the circum-
stances in which we find ourselves placed.

An arrangement generally applicable, with slight modifications, to existing buildings, is shown
in the accompanying figures. Mg. 7245 is a cross-section of the building ; Fig. 7246 a plan of the
basement, and Fig. 7247 a plan of a floor. A heating apparatus A is placed in the basement in the
centre of the building; fresh air is supplied to the apparatus through gratings at B, a hollow
cover 0, Fig. 7248, being provided to prevent waste of heat. The air enters this cover at the bottom,

7247

and its passage is regulated by a regulating disc. Four air passages or ducts from the upper
angles convey the heated air to the corners D, where the circulation is usually very languid ; it is

then drawn to the middle of the apartment towards the smoke-flue E, where it is sucked down-
wards, so as to equalize the temperature. Fig. 7249 shows the stove placed in the middle of the
apartment to draw away the vitiated air. The stove on the second floor, as well as its ventilating
pipe, will necessarily be divided to keep the vitiated air of the two floors separate. Both the smoke
and air flues are brought out at the top of the roof in the manner shown in Fig. 7250 ; this external
portion may be either of galvanized iron, or if more ornament be desired, terra-cotta.

7251.

7249.

i

y

7253.

These arrangements are designed for warming and ventilating in winter. To render them perf« ct,

there should be for the ventilation in summer twTo ventilating fire-places at the points Fon each

floor. Small trap openings should also be provided in the ceiling, capable o[' being o ened and
closed by a cord, and communicating with a flue, terminating above the roof, with a cowl to protect

it from the rain and wind. Fig. 7251 shows the arrangement of one of buco traps ; a doer oat man-
hole A is provided to give access to the trap. The angles of the ceiling and walls should be
rounded at B to prevent the accumulation of effluvia in those parts which are not BWept by the
ventilating current. A gas jet should be kept burning in the air-flue to promote the circulation. A
common mode of admitting the air, adopted in some of the London hospitals, is shown in Figs. 72%

7253. It consists of a kind of skirting, applied to the lowrer angles of the room, the air being
9 .
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Ï254.

introduced behind the skirting, directly from the outside, and allowed to enter the room in the
manner represented in the figures.

A modification of the plan of ventilating a hospital described above has been proposed by
M. Joly, to whose excellent work we owe some of the illustrations given in this article. The
arrangement is shown in Figs. 7254, 7255, in which the building is separated into two portions

to isolate the sexes. Here the same system
of warming and ventilating may be em-
ployed, whatever the number of separate

wards may be. The heating apparatus is

situate as before in a central part of the

basement, and air-ducts convey the warm
air to each apartment. The ducts are pro-

vided with regulators to cut off the current

or to lessen it when the apartment is un-
occupied. The air is admitted near the
outer wall, and is allowed to escape through
the bottom of the door, which is perforated

for that purpose, the suction being effected

in precisely the same way as already de-

scribed. To this principal building will be
joined the usual dependencies, as doctors'

and nurses' room, bath-room and kitchen,

the smoke-flues of which will be utilized to

draw away downwards the effluvia from the
water-closets.

Three examples of London hospitals may
be taken as illustrations of the most recent

modes of ventilating these institutions,

—

the new infirmary of the Wandsworth and
Clapham Union, Guy's Hospital, and St.

Thomas's Hospital. The ventilation of the

new infirmary is wholly natural, that is, no
special fires nor mechanical means are em-
ployed. The ward which we shall take as

an example of the whole is 123 ft. long,

by 24-5 ft. broad, by 12 ft. high. Two
upright chimney breasts, each having two
open fire-places, one on each side in the
length of the ward, stand out in the centre

of the room, equidistant from the ends. A
flue, in communication witli the outer air,

runs along beneath the floor and into a
chamber at the back of the stove. The air

thus introduced is admitted warm into the
wards through the front and upper part of
the stove. Immediately above these open-
ings are others exactly similar, which also

communicate with the air outside, but in a
totally different direction. The smoke-
flues are constructed on the principle of

having at each angle of the circular flue a
small air-flue, which in this case runs up to
a chamber specially built in the roof, and
enclosed on all sides by gratings of terra-

cotta. By this means a constant down-
draught of fresh air is obtained into the
ward. In each pier between the windows
is a Sheringham ventilator, communicating
directly with the outer air, and regulated
by lines, under the control of the nurses.

To get rid of the heavy gases which are generated in disease, and which, if undisturbed, accumu-
late under the bed, an ordinary ventilator, opening directly into the outer air, is fixed under the
head of each bed. By opening this for a few minutes at a time, the gases are quickly dispersed
and carried off through the ordinary outlets for the foul air. In addition to all this, there are
flues in the external walls running up to the roof and opening into the wards by self-acting valves.
These flues are calculated at 1 in. of area for every 50 cub. ft. of air contained in the ward. They
lead up into the open space within the roof, which is furnished with louvres at the ridge, through
which the foul air finally escapes. This has been described as one of the most perfect of modern
systems of ventilation. How far it is in accordance with the principles we laid down at the begin-
ning of this article, our readers must be left to judge. We cannot refrain, however, from censuring
the highly pernicious plan of allowing deadly gases to accumulate under the beds and then dis-
persing them among the patients by a set of ventilators specially provided for that purpose.

At Guy's Hospital the system adopted is more rational. Two lofty down-cast shafts, one on each
side of the principal entrance, communicate with a chamber in the basement. An up-cast shaft for
the discharge of the vitiated air and the smoke is placed near the centre of the building and at a

Î255.
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considerable distance from the down-casts. The height of this up-cast is also considerably greater
than that of the others. The fresh air passes directly down into the basement, where it is heated
by means of hot-water pipes. It then ascends through numerous flues in the brick piers in the
centre of the wards. To admit it into the wards, the box girders that carry the floors are made use
of, and the same means are employed to carry off the vitiated air. The mode of effecting this will be
best seen by a reference to Figs. 7256, 7257. The upper flue is imbedded in the concrete of the
floor, and admits the fresh air through gratings ; the lower flue is below the ceiling of the ward, and
receives through a number of circular openings the vitiated air of the ward below, which air is

carried by a series of independent flues into a foul-air chamber, situate beneath the roof, from whence
it is conveyed to the great up-cast. In a portion of the building erected a few years ago, the air is

admitted at the ceiling and carried off through gratings near the floor at the head of each bed. In
this respect the old is the better arrangement.

1256.
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At St. Thomas's Hospital, which is the largest and the most recently erected of the London
hospitals, the system of ventilation carried out partakes of the character of both the preceding.
Taking a single ward as an example of the whole, we find three fire-places in the centre facing the
end of the ward. An iron extraction-flue encloses the smoke-flue of each fire-place, the heat of the
latter being thus rendered available in producing the suction. The vitiated air is taken into this

up-cast flue through a grating at the level of the ceiling. As in the Wandsworth Infirmary, the
fresh air is led in through a flue within the levels of the floor, which flue is in communication at
one end with the external air, and at the other with a hot-air chamber behind the fire ; in this way,
it is warmed before being admitted into the ward. The building is divided into blocks, each floor

of which constitutes a ward, with its necessary dependencies of lavatories, nurses' rooms, and
kitchens. Each block is provided with its own set of hot-water apparatus, the furnace for which is

situate in the basement story. The flue from this is carried up to the turret level in an hon tube
forming the centre of an up-cast flue to the block. In addition to the open fires, there are on eacli

floor two large coils of hot-water pipe, and to each coil fresh air is supplied by a separate air-duct

running within the levels of the floor and communicating with the external air. At the ceiling

and floor level there are gratings communicating with flues leading to the central up-cast connected
with the smoke-flue of the hot-water apparatus in the basement. Thus we have as the means of
introducing the fresh ah to each ward, the flues communicating with the air-chambers behind the
three stoves; and the flues communicating with the two hot-water coils. And as the means of
extracting the vitiated air, we have the three up-casts surrounding the flues of the open fire-places

and leading up to a chamber in the roof and those connected with the larger up-cast enclosing the
smoke-flue of the hot-water apparatus.

In the last two examples, the conditions of a good ventilation appear on the whole to be satis-

factorily fulfilled. No doubt some of the details would admit of improvement, especially with
regard to the precautions necessary to be taken to prevent the mingling of the emanations of
different patients. But generally the arrangements are such as ought to give good results in

maintaining the wholesomeness of the building.

The Ventilation of Schools.—Next to the ventilation of hospitals, that of schools deman.ls the
most careful attention. Here we have congregated together a large number of children in various

states of health, and often in various conditions of cleanliness. The numerous and sudden ailments
that children are liable to, and the heated state in which they usually arrive, render it doubly
necessary that the ventilation of the schoolroom should be at all times ample and brisk, but free

from cold draughts. The delicate organization of young children exposes them to groat danger
from the infections of vitiated air, and one means of lessening the difficulties of hospital ventilation

is to diminish the number of patients by improving the ventilation of dwellings and tohools. The
most approved systems now in use are fairly illustrated by the following examples.

In the first example, which represents a system widely adopted on the Continent, we shall take
one room as a specimen of the whole. The system, as shown in Figs. 72ÒS. 7259, consists essen-

tially of a heating apparatus, situate in the basement, when there is one, and in an adjoining room
when there is no basement story; an air-chamber under the roof, and several extraction-flues

beneath the floor leading to the smoke-flue of the heating apparatus. The fresh air. which is intro-

duced at a point situate as far as possible from the top of the up-cast, passes round the stove,

ascends vertically through a duct to the air-chamber in the roof, and is admitt. d to the room
through the ceiling. To modify the temperature of the incoming air, a small quantity of cold air

may be admitted to the air-chamber through an opening which in summer serves as the aperture
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for the supply of fresh air, and which for this reason should be situate on the north side of the

building and protected from the sun ; at the same time it should be readily accessible. If the

7259.

apertures for the admission of the air through the

ceiling be sufficiently numerous and widely distri-

buted, no draught will be felt. A small supplementary

furnace in connection with the up-cast should be pro-

vided to assist the smoke-flue when a more powerful

suction is rendered necessary. With a little care and
attention on the part of the person in charge, this

system works very satisfactorily. It is also a very

economical one, a circumstance that has led to its

adoption, with some modifications of detail, in many
schools in the rural districts of the United States.

The accompanying Figs. 7260 to 7262 represent

7258.
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the public school in the Eue des Petits Hôtels, Paris, and the system of ventilation therein adopted,
uh described by Morin. The building contains an elementary school, A A, for 400 children, and a
drawing school, B, for 270 pupils. The ventilation is at the rate of 350 cub. ft. an hour to each
pupil, and the warming is effected by two heating stoves C, C, with vertical tubes. The warmed
air is supplied to each story by three vertical channels D, which discharge into a long wide passage E,
extending the whole length of the rooms; and into this passage external cold air can be admitted to
regulate the temperature. The supply of air flows into the rooms horizontally near the ceilings,
as shown by the arrows.

The rooms of the drawing school B are open at night, and offer special difficulties in ventilation,
from the large number of gas-burners in use. The plan of abstracting the vitiated air close to the
floor cannot be exclusively applied in this case, as it would cause the discomfort of pouring down
air of 85° to 05° temperature upon the heads of the occupants. It is necessary, therefore, to allow
the heated gases from the combustion of the lights to escape through the openings F in the ceiling,
but at the same time, fresh air is made to enter at the sides near the ceiling. In such cases, when
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the room has no attics above it through which the outlet openings in the ceilings can discharge,

special flues are required to be made for this purpose, and these should be situate, as far as possible,

from the points where the admission of fresh air takes place. By means of this plan of ventilation

the temperature of the rooms has been maintained till 10 o'clock at night at 71°, at a height of 5 ft.

above the floor, and at an average of 75° near the ceiling. But before this plan was adopted, these

temperatures were 80° and 91° respectively.

The discharge openings should be made along* both of the longer sides of the room, as at

GG, Fig. 7261, and they should be as numerous as possible. Their total effective area should be
such as to limit the velocity of the air passing through them to 2*3 ft. a second. They communi-
cate with descending passages H, converging below into a main discharge passage K, leading to the

bottom of the discharging shaft J. The chimney-pipes I, from the hot-air stove C, are made to pass

up this shaft for the purpose of assisting the draught ; but a small fire L at the bottom of the shaft

is also requisite.

Figs. 7263, 7264, represent a plan and sectional elevation of a block of school buildings, and
show a system of ventilation, due to Lewis W. Leeds, of New York, to which the premium was
awarded at the Vienna Exhibition. Leeds' system is an attempt to imitate, and where possible to

utilize, the means employed in nature to promote a circulation of the air. He observes that the sun,

by heating the solid objects upon which his rays fall, causes a gentle and regular circulation of air

along the surface of the ground. Beasoning from this fact, he concludes, that in a system of arti-

ficial ventilation the immediate object should be to warm the solid substances in a room, the ulti-

mate object of warming the air being then attained in a natural manner by allowing the incoming

current to pass over these substances. To carry this conclusion into effect, he proposes to heat the

floor and walls of a room, the requisite temperature being that which the summer BUB shining on

them would produce, that is, from 85° to 90° for the floor, and from 110 J to 115° for the walls. To

communicate and secure the necessary heat to the floor, Leeds carries off his vitiated air through

numerous horizontal ducts running through it, and places at intervals in one of these ducts a steam-

pipe, the tops of the joists being well cross-furred. To heat the walls, he constructs a wainscoting

of iron, slate, or plaster upon iron laths, and places steam-pipes behind it in the manner shown m
Fig. 7265. In addition to this, a steam radiator is placed under each window to correct the excess of

cold at that point. Fresh air is admitted through the sill of each window and deflected upwards by

the form of the opening. The air thus introduced mingles with the warm air ascending from the

radiator, as shown in the drawings, which arc exact reproductions, reduced, of the diagrams exhibited



3032 VENTILATION.

at Vienna in 1873. The means provided for removing the vitiated air are two large up-cast shafts,

centrally placed, as shown in the plan. The suction of these shafts is produced by carrying the

Í264

smoke-pipe of the heating apparatus up through them, and, when neces- 7265.

sary, by a coil of steam-pipes or a stove placed in them for that purpose.

The advantages claimed for this system of schoolhouse ventilation are,

a constant and uniform circulation in every part of the room, avoidance of

draughts of cold air, a constant temperature that is practically independent
of the opening and shutting of doors, and freedom from overdrying a por-

tion of the air. No doubt these advantages are obtained ; but the system
does not appear to be applicable to existing buildings, nor to be economical
in practice in any case. We ought to observe that Leeds proposes to utilize

as much as possible the heat of the sun by placing his building so as to

obtain the maximum amount of sunshine in the rooms.
The Ventilation of Theatres and Public Booms.—The ventilation of a

theatre is one of the most difficult problems that the man of science is

called upon to solve. A theatre consists not of a single apartment perma-
nently enclosed, like other assembly rooms, or of several apartments per-
manently separated, as in hospitals, school, and other buildings, but of
three large, open, and contiguous parts, the auditorium, the stage, and
the corridors, all of which may at one moment be separated one from the
other, and the next moment placed in communication one with the other
by spacious openings. To this first difficulty must be added the influence
or the gaslights, especially those near the roof, the position of the audience
placed in rows one above the other, and not horizontally as in other places,

and the continual changes that are taking place on the stage and among
the audience. These difficulties have long occupied the attention of
architects, and many plans have been proposed, some of which have given fairly satisfactory results

;

but a plan that shall give complete satisfaction has yet to be discovered. A description of the
numerous attempts that have been made in this direction would extend beyond the limits of an
article like the present; we shall therefore confine ourselves to one or two examples of the most
recent practice.
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7267. 7266.

In 1860 a French writer, M. Trélat, in a work entitled Le Theatre et l'Architecte, proposed a
System of ventilation which was a few years later more fully wrought out by Dr. Bonnaford, of the
Academy of Science. Subsequently, in 1869, this system was adopted at the New Vaudeville
Theatre in Paris. The lighting is by a large chandelier recessed into the ceiling, by which arrange-
ment the space below is kept free from the products of combustion, while the heat of the gas is

utilized to draw away the vitiated air. Figs. 7266, 7267, show the circulation of the air in the
ventilating flues. A is the furnace

placed beneath the floor of the build-

ing ; B the cold fresh-air ducts ; C the

warmed fresh -air ducts discharging,

through the cornices of the stage at the

springing of the ceiling, and at the floor

of the boxes ; D the ducts for the

vitiated air which is drawn down be-

hind the boxes and along by the floor

of the orchestra, and then made to

ascend above the ceiling by means of

the suction of the chandelier E, to be
discharged at F. In summer, the fresh

air is introduced near the top, and admitted through a frieze running
all round the ceiling. We have in this system an exact copy of the
circulation in the human body ; A may be regarded as the stomach
in which the combustion takes place ; C the arterial blood ; D the
venous blood ; E the heart or motive force, and F the skin, through
which the vitiated products are eliminated by means of expiration

and perspiration. The system is in exact accordance with the teach-

ings of science, and the experience gained at the Vaudeville showed that with proper attention it

would be quite adequate to the requirements of a theatre. In this case, however, it has been in part
abandoned, partly because the necessary supervision was not provided to prevent draughts in some
portions of the building, and partly, and probably chiefly, because complaints were made that the
position of the Chandelier was not favourable to the display of the toilettes of the fair portion of the
audience.

M. Joly, whose authority in matters of ventilation is universally acknowledged, gives it as
his opinion that the problem of adequately ventilating a theatre without causing disagreeable and
dangerous draughts, though intricate and difficult, is not insoluble ; and he proposes means for

accomplishing this desirable object, which we will lay before our readers. According to this

authority, the difficulties are due mainly to two causes, the powerful suction occasioned by the
chandelier, and the communications existing between the corridors and the interior of the building.
Hitherto this interior alone has been considered. This is an error that must be avoided. A theatre
consists essentially of two concentric envelopes which, for the engineer charged with the ventilation,

should constitute but one hall. It may be necessary to point out here some of the defects at present
existing.

Most persons must have remarked in every theatre a strong up-draught ascending from the stage
in the form of a cone, having its apex in the chimney of the chandelier. A material proof of this

may be had in pieces containing a banquet scene, as in the Black Dumiuo and Lucretia Borgia,
for example. The flame of the candles is seen to be violently agitated and inclined to the orchestra

at an angle of 45°. We may conclude a priori that this draught, occasioned by a powerful heating
apparatus placed at the base of a chimney, produces two effects, which must be counteracted at any
cost. It carries the sound waves up to the ceiling, so that the actor's voice can be hardly heard in

the front stalls; it occasions a difference of from 10° to 15° between the floor and the ceiling, and
consequently a very disagreeable draught every time a door is opened, especially at the bottom,
whatever the temperature of the incoming air may be. It may also be remarked that the ventilation

caused by the chandelier is of little value; it carries off effectually the products of the combination

of the gas, but its action is hardly felt by the occupants of the boxes, which are open on one side

only. Thus, though it produces a brisk current in the middle, that is, the unoccupied space of the

theatre, it hardly operates at all upon those portions where the vitiation of the atmosphere is going
on. Among the other defects of existing arrangements, may be mentioned a too high and irregular

temperature, a vitiated atmosphere, contracted and inconvenient outlets, exposing the audience to

great danger in case of fire, disagreeable and dangerous draughts through the boxes when the doors

are opened, and an atmosphere in the green-room poisoned by the gas.

The problem of ventilating a theatre consists essentially in maintaining at all times a tempera-
ture of about 70° in every part of the building; in furnishing for each person and each gas-burner

the requisite quantity of fresh air, after having warmed it in winter and cooled it in summer, and
in avoiding draughts, which are always disagreeable and dangerous, especially to the feminine

portion of the audience.

To ensure these results, the warm air must, in winter, before the doors are opened, be sent along
the floor at once into the portion set apart for the audience, the corridors, and upon the stage.

When the public have entered, and not till then, the ventilation will be directed in the manner to be

afterwards described ; but only through the auditorium and the green-room, the stage, the corridors,

and the staircases need only to be warmed. In summer, ventilation is still more necessary than in

winter, and the problem has to be solved, without complicating the floors of the lobbies and boxes
with interminable ducts, by means which shall improve the acoustic properties of tho theatre 1 y
diminishing the draught to the chandelier, equalize the temperature from the top to the bottom of

the auditorium, and moderate the draughts through the doors. According to M. Joly, the only

rational plan of admitting fresh air is through the ceiling, and to this use the cornice lends itself
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very effectively, since it is situate far above the heads of the audience, and admits of large openings.
The vitiated air is extracted at the points where it is produced, that is, close to the boxes and stalls,

and especially near the orchestra and pit-floor, through gratings placed vertically around the pit-

boxes. Joly is also of opinion that the auditorium and the corridors, or lobbies, should constitute

one single space, as far ns ventilation is concerned, and that the circulation of the air through this

space should be provided for in accordance with the principle observed in mines, that is, the air is to

be introduced at the top, passed through the building, and discharged again at the top. This
arrangement alone will ensure equality of temperature, and an efficient ventilation the direction of
which shall be favourable to the sound waves. Large openings are indispensable, as it is a well-
known fact that draughts are disagreeable in proportion to the narrowness of the aperture through
which they pass. To render the above results certain, it is especially necessary, in a theatre, to
combine the suction of the furnaces &nd gaslights, with the action of a mechanical ventilator, pro-
ducing a slight pressure outwards, and allowing the air to be drawn from any point as required, and
to be regulated, warmed, or cooled. This means has been proved by experience to be the most
economical when very large spaces have to be ventilated; it is also the most certain means of pro-
viding that the incoming current shall be fully equal to the suction, and thereby prevent the ingress
of air through the stage and open doors. As accessory means, the suction of the chandelier must be
reduced to a minimum by reducing the dimensions of its chimney, so that it may have only such
influence on the ventilation as may be deemed desirable. The suction of the gaslights in the

7268.

Théatro Lyrique, Taris. Vertical/ Sections.

corridors and behind the scones should also be utilized, and double doors provided in the lobbies
and on the staircases. When the air-ducts have been once established, the proper openings for the
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regulators determined, and the working of the system thoroughly understood, the management
should be placed in the hands of properly-qualified and responsible men, for without this no system
however perfect will ever succeed. The proposed solution of the problem may be briefly summed
up as follows ;—Direct warming of the stage, lobbies, and staircases, and the latter to be"furnished
with double doors. Moderate warming of the auditorium from the bottom before the public are
admitted. On the raising of the curtain, the fresh air, warmed or cooled according to the season,
to be admitted through the cornices of the ceiling. Extraction of the vitiated air at the bottom
through gratings in risers of the floor and along the pit-boxes. Use of a mechanical ventilator
to prevent draughts, especially in summer, and the control of the arrangements placed in properly-
qualified hands.

A plan for ventilating a large theatre, proposed by Morin, and adopted at the Theatre Lyrique
in Paris, is shown in the accompanying Figs. 7268, 7269. A description of this plan was given by

7269.

its author in a paper read before the Institute of Mechanical Engineers in 1S67, from which we
extract the following ;

—

The number of seats in this theatre is 1470. For the ventilation of the stage and its depen-
dencies, special means have to be applied by an auxiliary discharge flue above the stage, intended
for use when required to remove any large quantities of smoke from extensive illuminations. In
the body of the house, where the maintenance of a constant ample ventilation is required, there

should be a supply of fresh air of 1400 cub. it. an hour for each person, with the means of increasing

this in summer to 2000 cub. ft. an hour. It is important for the supply of fresh air to be obtaiued.

from open spaces or gardens, if possible, or else by special shafts bringing the air from a point above
the buildings, and far removed from the outlets of vitiated air. In the case of the theatre shown in

the drawings, the inlet for fresh air is made in the square of the Tour St. Jacques, by means of a
well 11| ft. diameter, communicating by a tunnel A of the same area with the space underneath
the theatre, Fig. 7268, where the warming apparatus and the mixing air-chambers are situated.

The velocity of the current in the inlet passage A was ascertained to be 3 08 ft. a second in a
special examination that was made some years since, and the sectional area of the passage being
97 sq. ft., the volume of fresh air admitted amounted to 300 cub. ft. a second, which was somewhat
in excess of the quantity that the apparatus was designed to supply. This area of inlet, however,

has subsequently been allowed to be contracted considerably by the growth of ivy at the entrance.

The admission of the fresh air to the body of the house from the main supply shafts P, P,

Fig. 7269, takes place between the floor joists or through the false bottoms made under the floors

of each of the rows of boxes and gallery, as shown by the arrows at B, B, Fig. 726S. the air entering

horizontally all round the theatre through these spaces, which should not be less than ö to 6 in.

clear height. The fresh air is also admitted by openings from about 10 ft. height in the vertical

walls on each side of the stage, and by auxiliary channels under the flooring of the passages,

intended specially for extra summer ventilation, and controlled by valves. For preventing the

occurrence of unpleasant draughts upon the opening of doors into the exterior passages, these pa>s:i
j

have to be warmed to a temperature of about 6S°, and iulets of warm air are provided opposite the
different doors in the passages.

A portion of the air, on entering by the main inlet passage A, Fig. 7268, is warmed by traversing

two sets of heating apparatus C, C, placed in the basement; and the remainder is delivered into

mixing chambers for regulating the temperature of the air supplied iu the building. The area of
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passage through the heating apparatus is 97 sq. ft., and the volume of warm air supplied is 245 cub. ft.

a second, giving a velocity of current of 2 • 5 ft. a second.

The vitiated air is taken off through numerous openings in the lower part of the sides of the

boxes and passages, and in the risers of the steps in the gallery, each box or pair of boxes having
a separate discharging flue ; and the total area of these openings has to be such as to allow the

velocity of the air not to exceed 2 • 3 to 2 • 6 ft. a second. The exhausting flues E, E, from the several

tiers of boxes are made to rise towards the dome F above the chandelier, while those from the pit,

orchestra, and boxes on the ground tier, are carried below the floor into main flues leading to the

vertical shafts G, G ; and the area of these exhausting passages should be such as to give a velocity

of current of 3*3 to 3*9 ft. a second. In the pit and orchestra, outlet gratings should be placed all

round the sides, and in the sides of the air-passages underneath the seats ; these outlets open into

the space left under the floor, which leads to the main exhausting shaft G on each side, this

space being divided accordingly into two portions by the central partition J. The outlet gratings

should not be placed in any case in the floor, as was done in this theatre, contrary to Morin's

intention.

The cast-iron chimney-pipes I, I, from the heating apparatus are carried up the exhausting shafts G
to aid the draught, the pipes being kept isolated throughout ; and a small fire-grate H is placed at

the bottom of each shaft, for use when extra ventilation is required in summer. The area of the

exhausting shafts G, G, is required to be such as to give a velocity of cm-rent of 5 • 6 to 5 • 9 ft. a
second; and they should lead, when possible, to the dome over the centre of the theatre, into

which all the outlet flues from the upper tiers of boxes also discbarge. The general outlet shaft K
above this dome should be built of brick, not metal, and should be carried at least 20 or 25 ft. above
the top, its area being such as to give a velocity of current of about 6-' 6 ft. a second.

A series of experiments on the ventilation were made on five successive nights in May, 1 863, with
the external temperature ranging between 56° and 74°

; and the result obtained was that with an
average consumption of 4 cwt. of coal a night, the removal of 166 cub. ft. of air a second was effected,

amounting to 1400 cub. ft. an hour for each seat of the pit and orchestra. With this ventilation

the temperature of the house can be maintained within comfortable limits ; but this extent of venti-

lation is not actually employed, as the intended use of the two large exhausting shafts G, G, is not

carried out. The experiments made at the same time on the ventilation of the boxes showed that

an abstraction of 377 cub. ft. of air a second was effected by the centre shaft over the dome,
amounting to 1800 cub. ft. an hour for each seat. The actual average ventilation for the whole
house during the five evenings was found to be 1330 cub. ft. an hour for each seat. By this uniform
ventilation the temperature in the different rows of seats was maintained most remarkably constant,

the average temperatures in the first and fourth tiers being 68° and 70° respectively, when the

external temperature was 52°
; and when the latter was 70°, their temperatures were 78° and 80°

respectively ; in other large theatres, however, which are not so ventilated, these temperatures are

not unfrequently as high as 95° to 105°.

At another trial in November, 1863, when the external temperature was as low as 39°, the tem-
peratures within the house were found to be maintained at 66° on the stage, 71° in the orchestra

stalls, 73° in the boxes, 74° in the gallery.

The ventilation of the Houses of Parliament at "Westminster offers a good example of a system
suitable to buildings of that character. Probably in no instance have the general arrangements and
the details been carried out with such strict regard to the object proposed as in the case of these

buildings. Every existing system was examined, every authority consulted, numerous experiments
were made, and no expense was spared, to obtain a perfect plan of ventilation. We may therefore

regard the one finally adopted as the embodiment of all that was at that time known concerning
the subject. Moreover, it is under the constant supervision of competent persons, and is on that

account valuable as an illustration of what may be effected by such means.
The heating apparatus, consisting of immense steam-boilers, is placed beneath the central hall.

Steam was chosen as being more prompt in its action than water, and so enabling the temperature in

a given place to be changed in a shorter time. The number of members present is continually

varying, and it is therefore important that the temperature and the ventilation should be under
immediate control. To regulate these in accordance with the necessities of the moment, telegraphic

communication is established between the Speaker and the person in charge. The mode of lighting

differs in the two chambers, but the warming is carried out in the ^ saine way in both. Fig. 7270
shows a portion of the arrangement adopted. The fresh
air is admitted on the side of the river through louvres
A, the opening of which may be regulated in a chamber
B. In this chamber, according to the seasons and re-

quirements of the moment, the air passes between jets of
cold water thrown out as spray from a tube O. If it be
desired to increase the moisture of the air without cooling
it, a divided jet is let fall from the pipe E, which jet is

vaporized by the steam-pipe D placed beneath. In the
next chamber, F, are the heating apparatus proper.
These are Gurney's steam -batteries, formed of plates of
metal 1 ft. in diameter, arranged around a steam-pipe
at a distance of f in. apart. Their number, that is, the
extent of surface, is calculated according to the volume
of air to be heated. From thence the air is passed through a gauze veil, to intercept the dust and
soot from the atmosphere. From the large chamber H it ascends through circular ducts I, and
is distributed over the assembly chamber, into which it is admitted through gratings in the floor

covered with matting. At the bottom of the duct I are fixed brattice-cloths, which, when the
current is too strong, are raised so as temporarily to partially close the entrance. To modify the
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temperature, according as the House is empty or suddenly filled by a rush of members when an
important question is brought forward, in tho chamber 11 additional batteries K arc placed, which
are brought into or taken out of use in obedience to orders received from the Speaker.

The vitiated air is extracted through the panels of the ceiling by the suction of a large furnace
situate at the base of a chimney. As the ordinary means of regulating this draught Hue, and pro-

tecting it from the influence of the wind, would have had a bad effect on the appearance of the

building, the smoke pipes are enclosed in iron turrets, designed in the style of the rest of the struc-

ture. The gaslights, which in both Houses aro in the ceiling, though differently arranged, assist

the draught of the flue in extracting the vitiated air.

An excellent plan of ventilating a large meeting room is shown in Figs. 7271 to 7274, which
represent the lecture theatre of the Conservatoire des Arts et Metiers at Paris. In this case, as

in the The'âtre Lyrique, the arrangements were designed by General Morin, and carried out under
his supervision. These arrangements are also described by Morin in tho paper previously
alluded to.

7271.

Conjervatcnw fmprrial dm Arts et Métiers, Paria
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The vitiated air is taken offthrough a larere number of orifices made in the risers of the steps A, A,

Fig. 7271, opening into the passage B below the seats, which space communicates by an outlet pas-

sage C, Fig. 7272, with the discharging shaft D. Tho requisite draught is maintained in the shaft

D by means of a fire at the bottom, dampers being placed in tho passage to moderate the curi eut
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of the air. The supply of fresh air is introduced from a mixing chamber E in the roof, and admitted
to the lecture theatre through openings F, F- distributed over the surface of the ceiling.

7273.

Conservatoire, frnpêrwl des Arts et Metiers, Paris.
Floro of Roof of Lecture* TTwatra.

In such buildings the area of openings for the abstraction 7274.

of the vitiated air should be sufficient to prevent its velocity-

through the openings exceeding 2 • 3 to 2 • 6 ft. a second, the

openings being distributed as uniformly as possible over the

whole of the steps A, A. The velocity of the air in the outlet

passage C should not exceed 3 * 9 ft. a second ; and the velocity

in the discharging shaft D should amount to 6 * 6 ft. a second,

in order to ensure the stability of the current.

The inlet openings F, F, for supply of fresh air, when
situated in the ceiling should have such an area as to allow the velocity not to exceed 1 * 6 ft. a second

;

in this lecture theatre, where the total quantity of air admitted reaches 170 cub. ft. a second, the
area of openings slightly exceeds the above proportion. When it is requisite in such places for the
inlet openings to be at the sides, they should be situated on two opposite sides, and as high from
the floor as practicable.

As the ventilation of buildings like this lecture theatre is required to be in action only when they
are occupied, whilst the warming is needed to be in operation previously to their occupation, it is

necessary to have the means of warming them by special orifices, in addition to those which supply
the ventilation. For the purpose of warming, the large hot-air stove G is employed, Fig. 7272,
situated under the lower end of the room ; and the air necessary for combustion is supplied to it

from the basement through the passage H. The fresh air to be heated is admitted through a separate

passage I from the open courtyard adjoining, and after being heated by the stove is delivered into the
room through the four openings J, J, in the floor ; these are only opened during the preparatory

warming of the lecture theatre while it is empty, and as soon as it is occupied they are closed. A
constant supply of hot air is maintained to the two lobbies K, K, by the openings L, L, and also by
the openings M, M, to the laboratory N at the back of the lecture theatre ; this prevents any objec-

tionable draughts of cold air occurring whenever the intervening doors are opened during the

occupation of the theatre ; and the doors being all made to open outwards, the tendency of the

entering air is to close them. At the upper end of the lecture theatre a similar heating stove is

provided, but of smaller size, for warming the main entrance staircase and vestibule at that end of

the room.
A portion of the hot air from the stove G is conveyed by the ascending pipe P to the mixing air-

chamber E in the roof; and in order to ensure its equal diffusion over all parts of the lecture

theatre, the mouth of the hot-air passage Q is widened out to the full width of the air-chamber E, as

in the plan, Fig. 7273 ; while a hood E is placed over the central inlet opening F, and screens S, S,

are interposed at the two side openings, in order to prevent an undue proportion of the fresh warm
air from entering the lecture theatre through these three nearest openings. A branch from the
hot-air passage Q to the two side openings T, T, Fig. 7273, ensures a proper supply of hot air to each
of these openings. A similar supply of hot air is introduced at the other end of the roof by
the passage V from the smaller heating stove at that end of the lecture theatre. The fresh cold air

is admitted into the roof chamber E through the entrances U, U, Figs. 7271, 7274, and by the
arrangement of the hoods R and screens S at the ceiling apertures, the thorough mixing is ensured
of the cold and the heated air previous to eutering the lecture theatre, the orifices of the hot-air

passages Q and V boin^ situated in all cases close underneath those admitting the cold air. By
means of the valves U, U, the entrance of the cold air to the mixing chamber E is regulated
according to the temperature desired in the mixed air introduced for ventilation ; in winter this

temperature should be about 3i° below that maintained in the lecture theatre, which should be
about 68°.

The Ventilation of .Club-houses.—The conditions imposed by the arrangements of club-houses,

which are composed of several apartments, sometimes connected, sometimes isolated, vary so greatly,

that no system can be applicable to any two buildings without considerable modifications. These
institutions possess, however, several features in common which must be considered in devising a
suitable plan of ventilation. The apartments are large and lofty, and thus offer great facilities for
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the introduction of the fresh air without causing unpleasant draughts ; they are also provided with
a large number of gas-burners, and at certain times of the day they are well filled with occupants.

The atmosphere of the dining-rooms is laden with the odours of the viands, and that of the smoking-
rooms with the fumes of tobacco. It is obvious that to keep the atmosphere of these rooms in

a tit state of purity, large volumes of fresh air must be admitted. This will necessitate spacious
air-ducts, and a correspondingly powerful suction or propulsion. Mechanical ventilators have been
a; plied to this class of buildings with very satisfactory results. The Keform Club-house in London
ofiVrs a very good example of this mode of ventilation ; and as the general plan is well designed,
and the det dis carefully carried out. it may be considered as one of the best of its kind.

The fresh air is supplied by a fan capable of throwing 11,000 cub. ft. of air a minute. This
fan which is driven by a steam-engine of 5 horse-power, is placed in a vault in front of the
building, and it throws the air into a spacious tunnel under the basement story of the building.
The steam of condensation is utilized to warm the incoming air, the heat being communicated by
the steam to three cast-iron chests of a cubical form. Each of these chests measures 3 ft. externally,

and is divided internally into seven parallel cases, each 3 in. wide, which are separated by
alternate passages of the same width. The fresh air from the fan passes through these passages,
where it is heated to a temperature of about 80°, into a bricked chamber in the basement. From
this chamber it is conveyed by separate ducts, provided with registers, to the several apartments of

the building. The vitiated air is carried off through pipes into a brick chimney, the suction of

which is assisted by a stove placed in the top story, and discharging its smoke into it. The
economy of the arrangement is shown by the fact that 2 cwt. of coal is sufficient to work the
engine for twelve hours, the power of the engine being besides available for pumping water for

purposes of the establishment, and raising coals to the several apartments on the upper stories.

Tiie Ventilation of Dwelling-houses.—-The ventilation of dwellings is a question of really vital

importance, involving as it does the health of every member of the community. And yet, strange
as it may seem, nothing in the construction of houses is so little thought of. No expense is spared
in ornamental details ; every care is taken to provide an abundant supply of light and water ;

judgment is exercised in the choice of a site that shall be at once cheerful and wholesome ; but that
which is of still greater importance, namely, the removal of the vitiated au' from the rooms, and the
supply of pure air in a way that shall be neither disagreeable or dangerous, is either not thought of

at all, or the cost is grudgingly allowed. This question of house ventilation is of special importance
to the females of a community, since nearly the whole of their lives Ì3 passed within doors.

But to any thinking person the gravity of the subject is obvious, and need not therefore be
enlarged upon.

It is seldom that a complete system of ventilation is applied to a dwelling-house, even when the
ventilation is provided for. Usually in each room there is an opening communicating with the outer
air, either directly or through a duct, in the length of which means are provided for warming the
passing current, and the fresh air admitted through this opening is left to escape through the
chimney. This system, if it deserve the name of system, is both pernicious and inefficient. It

occasions unpleasant draughts, and under the most favourable conditions it promotes an unequal
circulation. But if we consider that for several months in the year there is no fire in the room to

produce the requisite suction, and that frequently in the bed-rooms a fire is never lit, we shall at

once see that any system of ventilation by single rooms must necessarily be totally inadequate
to the requirements of a dwelling. An efficient system will therefore embrace the whole house,

and only such is worthy of consideration. It has been urged that the difficulties attending such a
system are too great to render its adoption practicable. Prejudice against novelty lies, however, at

the root of this objection. That the difficulties are more apparent than real is proved by the suc-

cess which has attended the introduction of a complete system in certain instances, some of which
systems we propose to describe.

One of the most simple and efficient is that due to Drs. Drysdale and Hayward. These gentle-

men provide an up-cast shaft to carry off the vitiated air from the whole house, and employ the waste
heat of the kitchen fire to produce the requisite suction. The advantages of this are that the suc-

tion is kept in constant operation without the attention of any person in charge, and the cost of

producing it is nil. The air is warmed before being admitted, and the apertures both for admission
and extraction are near the ceiling. A central hall is provided, into which the warmed fresh air is

conveyed. The air-ducts for each room draw their supply from this central hall, into which all the

rooms open. By this means a cold draught is prevented when the doors are opened. The vitiated

air escapes through a zinc pipe in or near the ceiling, and is conveyed by flues in the wall up to-

a

foul-air chamber under the roof. This foul-air chamber consists of a zinc drum 6 ft. in diameter

by 5 ft. high, into which the foul-air flues open at the same level. A discharge pipe, so placed

as to draw equally from all the flues, leads from this chamber down to below the kitchen fire-place,

and up behind the fire to the up-cast in the kitchen chimney-stack. The authors of this plan of

ventilation have fully explained their views in a valuable little work entitled Health in Comfort

in House Building, from which we extract the following description of a dwelling-house constructed

by them in accordance with their system.

"The house, plans aud section of which are shown in Figs. 727.) to 7277, consists of base-

ment, ground floor, and first, second, and third floors. The basement is devoted principally to the

collecting and warming of the fresh air. On the ground floor are the collars, a ball-room, two pro-

fessional rooms, a gentlemen's cloak-room and water-closets, and the main entrance, with vestibule

and stairs' lobby, and servants' entrance and lobby. The first floor is the living-floor. On this is a

drawing-room, with ladies' dressing-room and water-closet : a dining-room, with china closet ; and
a kitchen, with cook's pantry, larder, scullery, and butler's pantry. The second floor consista of the

family bed-rooms, four in number, with breakfast-room, housemaid's closet, bath-room, and water-

closet ; and the third floor, of the servants' bed-rooms, also four in number, with children's play-

room, store-room, and two water-cistern rooms. Above this, beneath the ridge of the roof, is the
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foul- air chamber F, into which the vitiated air of all the rooms of the house is collected, and from

which it is drawn by the kitchen fire by means of a down-cast C, passing down to the ground floor,

and then ascending behind the kitchen fire D, and up the chimney round the smoke-flue

" The principal part of the house consists of a front and back block, each about àó lt. by ¿u it.,

with a lobby 9 ft. wide between them, running north and south. This central lobby is the warmed

air corridor or ventilating lobby ; it is lighted by a window at its south end by day, and by Eickets's

globes by ni^ht. At its north end it is shut offfrom the main staircase, vestibule, and front entrance

bv vestibule doors. Out of this lobby open all the principal rooms of the house. The front

entrance, with the vestibule and main staircase, 12 ft. wide, are placed, not in the centre, but at the

north end of the house. The main staircase runs between the vestibule m front and the kitchen

stairs behind, and is lighted by a skylight. The servants' entrance and lobby are from the south,
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behind the ventilating lobby, and the servants' stairs run up between the main staircase in front and
the kitchen behind. By this arrangement there is an easy approach from the kitchen to the dining
and drawing rooms, and to both the front and the side door ; and the lobby into which opens the
door that lets in the cold air by being frequently opened, is shut off from that out of which the
living-rooms open, which could not be if the entrance were in the middle of the front.

" The central corridor is an essential part of the house. It serves, of course, as lobbies to the
rooms on each floor ; on the ground floor it serves also as a museum, and between the dining and
drawing rooms it serves as a bagatelle-room and picture-gallery ; and by the introduction of gratings
into the ceiling and floor of each story, it also serves as an open corridor from basement to attics.

"Along the centre of the ceiling of each story of the central corridor is an ornamental lattice-
work, 2 ft. wide, and along each side of the floor above is an iron grating 1 ft. wide. These allow the
warmed air to ascend from the lobby beneath to the lobby above ; but the floors check it for the
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supply of each story, and prevent it from rising directly to the top one, as it would in a stairs'

lobby.

1211.
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" The incoming air is warmed
by a hot-water apparatus fixed in

the basement of the stairs' lobby.
The flow-pipe is carried up, and
run one length of the bed-room
lobby; it is then brought down,
and run once along the picture-

gallery, after which it is brought
down to beneath the secondary
inlet B, or the opening in the
ceiling of the basement of the
central lobby, which it covers,

running backwards and forwards
the whole length ten times ; the
fresh air enters into the lower
part of this basement, and, rising,

is warmed by the heated pipes
;

it then passes through into the
lobby of the ground floor, and
thence into the lobbies of the
first, second and third floors, so

that the central corridor is filled

from the ground floor to the attics

with warmed fresh air. Above
the attic floor, this corridor is con-
tinued to the slates, and made
into an air-tight chamber under
the ridge of the roof, to receive

the outlets of the vitiated-air flues

from the different rooms of the
house. Out of this central cor-

ridor all the principal rooms open,
and out of it they receive their

supply of fresh air. The cornice
round the ceiling of this corridor,

and that of each of the rooms
opening out of it, has a lattice

central enrichment 7 in. deep, and
the wall between these two cor-

nices is perforated by as many 7 in. by 5 in. openings as the joists will allow, so that the fresh air

has a free passage from the corridor into the rooms, even when the doors are shut. The drawing-
room has nineteen of these openings, affording an inlet of fresh air of more than 4§ sq. ft. distributed
along the whole length of the wall on the side of the room opposite the fire-place. The dining-room
has fifteen openings, affording an inlet of considerably over 3J ft. Over the gaselier in the centre
of the ceiling of each room is a perforated ornament covering an opening 9 in. square into a zinc

tube, A A in the plan, 9 in. by \.\ in., affording an outlet for the vitiated air of 40 sq. in. This zinc
tube goes along between the joists of the ceiling into a flue of the same dimensions in the thickness
of the wall, between the corridor and the room above, where it is provided with a regulating valve.

This flue discharges into the foul-air chamber ; there is a similar flue from the cloak-room, dressing-

room, breakfast-room, bath-room, kitchen, the hall-lamp, and from all the water-closets. All of these
flues open separately into the foul-air chamber. Out of the north end of this chamber goes a brick
flue or shaft, the down-cast C taken from the back staircase. This down-cast outlet shaft goes
straight down to below the first floor, and then crosses eastward and rises up behind the kitchen
fire-place, where it is flat, 6 ft. by 1 ft. ; it is then collected into a nearly square shaft, 32 in. by
26 in. Up the centre of this shaft runs a circular earthenware smoke-flue from the kitchen fire,

18i- in. outside diameter, leaving a foul-air shaft, the up-cast, surrounding the smoke-flue. These
together form a large chimney-stack, which is carried up to a greater height than any other chimney
of the house."

This system is a truly scientific and rational one. It is extremely simple and economical ; it is

continuous in its action, and operates by night as well as by day, in summer and in winter, and it

does not require any attention. No doubt such a system is beyond the reach of many ; but it

might be modified to suit less favourable conditions than those to which its authors were subjected.

It shows at least that a perfect ventilation, combined with a proper warming of the atmosphere of a
room, is not an impossibility.

Another mode of ventilating a whole house by a single apparatus, due to Dr. Griscom, of New
York, is shown in Fig. 7278. It consists in utilizing the smoke-flue of the heating apparatus to pro-

duce the suction necessary to draw away the vitiated air through supplementary flues contiguous to

the heated-air flues. As represented in the figure, each hot-air flue enters at the bottom of the

room, at the points 1 and 2, for instance ; while, for the escape of the vitiated air, openings regu-
latable by a sliding cover, are provided near the ceilings, as A, B, C ; suction through these open-
ings being produced by the column of hot air in the flues which run up to the ventilator V in the
roof, and increase in size at each story. If single flues are employed to renew the air of a room,
the air which they contain may be colder or heavier than that of the room, and consequently may

9 H
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produce an effect contrary to that desired. The advantages of Dr. Griscorn's system are, that it

provides at all times an efficient suction, is independent for every room in the house, operates during

the night by the accumulated heat of the apparatus, and acts in summer by merely opening only

those openings which are provided for the extraction of the vitiated air. This system, either in its

complete or in a modified form, has been much employed in America, and is very generally

applicable.

7279

A third method of ventilation, described by Joly, is represented in Fig. 7279. This method,
which may be adopted with advantage in certain cases where the form of the building will admit
of the flues being arranged in the manner shown in the figure, consists in employing the heating
apparatus both in summer and in winter for the supply of fresh air. In winter the heated air will

be admitted through the lateral openings A, and the vitiated air extracted through the openiugs B,
or up the chimney of the apartment, if it have a fire in it. In summer the fresh air is admitted
through the same openings A, and extracted through the openings B by the suction of a special

heating apparatus placed in the basement at 0. When several stories have to be ventilated, provi-

sion must be made by registers and valves that the vitiated air from one story do not escape into

the next. This system may be modified in numerous ways to suit the conditions of a given case.

The same may, indeed, be said of all the systems we have desciibed. It would be beyond the scope
of an article like the present to point out the various modifications that each is susceptible of, even
if it were possible to do so. These modifications are as numerous as the circumstances that may
arise, and they must be left to the knowledge and skill of the person to whom the design is

entrusted.

In large mansions the ventilation of the reception-room demands special attention. Here, at

certain times, especially when used as a ball-room, a large number of persons are assembled, whose
bodies, aided by the numerous gas-jets, heat and vitiate the atmosphere in an unusual degree.
The ventilation arrangements in these apartments should therefore be capable of admitting large
volumes of fresh air. But a grave difficulty in these arrangements arises from the heated state of
the persons present, and especially from the character of the ladies' dress, which render it

necessary to admit the air with a very low velocity, as draughts in such circumstances are in
the highest degree dangerous. Thus a primary condition in the ventilation of such rooms is that
the apertures of admission should afford a large area for the incoming current. It is also indispen-
sable that these apertures should be widely distributed, and situate as far as possible from the occu-
pants of the room. The warming of the fresh air previous to admission is, in these cases, a matter
of the highest importance. It is, indeed, an obvious fact that the passage of large volumes of cold
air through the room at such times would cause great discomfort and serious danger. To prevent
this, in spite of the continual opening and shutting of the doors, is a problem extremely difficult of
solution. The plan of a central corridor, arranged as in Drs. Drysdale and Hayward's system, would
meet the exigencies of the case best, but architectural and other reasons will frequently render the
adoption of such a plan impossible.

When, as is often the case, neither the floor nor the ceiling is available for the purpose, the fresh
air must be introduced either through pilasters against the walls, having the aperture directed
towards the ceiling, or through the cornices provided with numerous openings turned in the same
direction. A plan of ventilating such rooms, adapted by Joly to several Parisian salons, is repre-
sented in Fig. 7280. The fresh-air duet enters from an adjoining room A, or it may be from a lower
story

; after traversing the wall, it is divided into two portions, which run in opposite directions,
as B, C, D. Were the inlet not arranged in this manner, the whole of the air would enter at A, and
cause a draught at that part without ventilating every part of the room. The vitiated air is
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extracted through perforated openings on the opposite side of the room by means of the suction of
a furnace or a mechanical ventilator. Two thermometers, one placed in the fresh-air duct, and the

1280.

other in the foul-air duct, should be employed to show the temperature of the air as it enters and
as it issues. The vitiated air may also be extracted through the smoke-flue of the fire-place by
means of a portable stove, or, better still, by jets of gas in the flue, fixed specially for reception
days. In such cases the air must be allowed free access to the chimney, all obstructions, such as are
frequently used as ornament, being removed out of the way. To carry away the hot vitiated air

from the gaselier, a flue F F is provided, which runs along between two joists in the floor above,
and discharges into a chimney.

The systems we have described can be applied in their entirety to houses only at the time of
their erection. Sometimes one of them may, with considerable modification, be adapted to an
existing building; but usually the plan of ventilation which the exigencies of a building, con-
structed without any regard to such sanitary arrangements, necessitate, is merely a palliative one.
Frequently little more can be done than to provide openings for the admission of fresh air in the
upper framing of windows and doors. Such openings should always be directed towards the ceiling,

for the purpose of distributing the air and avoiding draughts, and they should be furnished with a
slide to regulate the incoming current. If means be provided for warming the air that enters over
the door, these openings should alone be used in winter. With such an arrangement, the system
of ventilation may be a fairly efficient one, and in many cases a little skill only is needed to con-
trive it. It is best to warm the air of the hall or passage from which the fresh air is admitted,
because the discomfort of suddenly letting into the room large volumes of cold air by opening the
door is thereby avoided. But when this is not practicable, warm air may sometimes be brought to

the inlet aperture by means of a pipe. To allow the vitiated air to escape freely, the chimneys
should be kept open when there is no fire, and, whenever possible, outlets should be provided in the
ceiling or in the angles of the cornices. If these outlets can be placed in communication with the
kitchen chimney, the efficiency of the ventilation will be greatly increased.

The ventilation of the bed-rooms presents the greatest difficulty, and is perhaps the most impor-
tant. During the day-time, when the rooms are empty, the suction of the smoke-flues from the
rooms beneath produces an active circulation ; but at night, when the rooms are occupied, the fires

below being extinguished, the circulation ceases. This happens even where a fairly complete system
of ventilation is carried out, and the foul-air flues are in communication with the smoke-flue of a
special heating apparatus, because the fires cannot be attended to at night. The consequence is

that the atmosphere of sleeping apartments gets into a highly vitiated state. This can be readily

detected by the smell which, from the above-mentioned causes, is peculiar to bed-rooms. There is

no doubt but that serious injury to health, especially with children, is occasioned by this absence of
ventilation at night. It would conduce to economy by avoiding sickness to keep a fire burning the
greater part of the night for the sole purpose of promoting a circulation of air in the bed-rooms.
For this purpose coke might be employed, which is cheap, and will burn for a long time without
attention. In towns, where gas is available, a burner placed so as to be capable of being turned up
the chimney will effect all that is desired.

In every system applied to dwelling-houses, summer ventilation should be provided for. During
five months in the year the sitting-rooms are without a fire in them, and consequently the suction

of the smoke-flues is not in operation. If this alone be relied on to produce a circulation of air, we
shall have stagnation during a large portion of the year, and at that season when it is most likely

to cause the greatest injury to health. It is true that during the hot weather the windows and
doors are freely opened. But they are not left open all the day, and in dull, wet weather, whatever

the season may be, they are kept tightly closed. To remedy this defect, the vitiated-aii duets

should, whenever possible, be made to communicate with the kitchen chimney, in which there is a

fire at all times. At the time of the erection of a building there will be little difficulty in carrying

out such an arrangement, and very frequently, in the case of existing houses, it may be readily

applied by making use of iron pipes fixed in convenient situations. Water-closets, wash-houses,

and the kitchen itself, should always be ventilated by the kitchen fire, since for these offices a con-

stant and vigorous suction is indispensable. The situation and construction of the kitchen chimney
are thus matters of considerable importance. The vitiated air should not be extracted through the
smoke-flue, not even from the kitchen itself; but there should be special flues provided, heated by

9 h 2
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the smoke-flue. When there is but one air-flue, it may surround the smoke-flue in the manner
described in treating of the ventilation of St. Thomas's Hospital ; but it is better to provide several

flues, one of which should be devoted exclusively to the ventilation of the water-closets, and another

to tli e ventilation of the kitchen. These flues may be constructed in several ways ; Fig. 7281 shows

one arrangement giving two air-flues, and Fig. 7282 another by which four are obtained. If the

7281. 7282.

vitiated-air ducts from the different rooms in the house be placed in communication with these flues,

it is evident that an adequate ventilation will be maintained at all times without the cost of special

fires. We cannot too strongly insist on the necessity of putting all the water-closets in communica-
tion with one of these flues, which, as we have already said, should be used exclusively for that

purpose. Only by such a provision can the dangerous effluvia from these places be completely and
certainly removed. It is important that the kitchen chimney-stack with the foul-air flues should

be carried up to a greater height than the other chimneys of the house, as otl^rwise the down-
draughts through the latter in summer might carry the foul air back into the rooms.

In ventilating a kitchen, more perhaps than any other apartment, it is necessary to provide an
abundant supply of fresh air previously warmed by being passed behind the fire-place. If the air

be admitted cold, the servants will certainly close the apertures, and so destroy the ventilation.

The closing of the inlet apertures may even change the up-cast foul-air flue into a down-cast when
the fire is very active, a circumstance that would cause the contents of all the other flues to descend

into the kitchen. For the admission of the fresh air in summer, openings over the windows provided

witli a sliding cover will be sufficient.

There remains another means of extracting the vitiated air from an apartment that we have not

yet noticed. The combustion of gas heats and vitiates the atmosphere of a room in a high degree,

and it has been found necessary to provide an immediate means of exit for the burned air. As the

gas-burner is, in most cases, pendent from the ceiling, the opening for this purpose is made in the

centre of the ceiling directly over the burner. This opening is in communication with a passage

or flue, which conveys the products of combustion into the external atmosphere. It is obvious

that this flue may be made available for the discharge of the whole of the vitiated air from the

apartment, and such in fact is frequently done. In London especially, entrance-halls, shops, eating-

houses, clubs, reading-rooms, and public buildings, are lighted by a form of gas-burner known
as the sun-burner, and in all these cases ventilation is provided for by means of this burner.

The earliest gaselier of this kind consisted of a circle of ordinary butterfly or fish-tail burners hung
beneath a metallic reflector, into which opened the extraction-flue for the burned gases. The first

objection to this was the shadow thrown by the reflector according to the height at which it was
placed. This was remedied by giving the apparatus the form shown in Fig. 7283, which is siili in

common use. The second objection was
the down-draught of cold air, which dis-

turbed and sometimes extinguished the

jets. To obviate this a valve was provided,

which closed the extraction-flue at the same
time as the gas-cock, and the top of the

extraction-flue was protected from the wind
by a cowl or a similar covering. In the

accompanying figure the flue is vertical;

the upper portion near the ceiling is per-

forated to admit the vitiated air of the

apartment. When the burner is recessed

into the ceiling, it is surmounted by an
iron dome, perforated to allow the burned
air to pass through. Fig. 7284 represents a
form very extensively employed in London
hotels and shops. The gas-pipe descends
inside, and the vitiated air is carried off

through the bottom and top of the burner.

The extraction-flue in this case is hori-

zontal, and is carried along within the
thickness of the floor above to a chimney.
This is a much better arrangement, as it

places the extraction-flue under the influ-

ence of the suction of the chimney. In
the case of a dwelling-room, this chimney
should be one in which there is a constant fire, if the gas-flue is the only one provided for the escape

of the vitiated air, otherwise the ventilation will in a great measure cease when the gas is extin-

guished. The utilization of the gas-flues has only recently been seriously considered, and it must
be acknowledged that it is yet in a tentative state.

The Ventilation of Barracks and Prisons.—In the sanitary arrangements of barracks, ventilation

7283.

7284.
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should occupy the foremost place. Here we have a large number of men congregated, and at night
thickly crowded into small sleeping apartments. The rooms are usually badly lighted and sparely

provided with fire-places. The water-closets and urinals are generally in a filthy state, polluting

the air with effluvia of a dangerous character, and even the badly-constructed joints in the paving of

the courtyards are filled with decaying organic matters. Moreover, the supply of water is never very
abundant, and the use of it is more limited still. The ablutions of a private soldier seldom extend
beyond his face and hands, the brightness of his weapons being considered by his superiors of more
importance than the cleanliness of his body. These causes lead to the frequent outbreak of viru-

lent diseases, and it is incumbent on all who have authority over the sanitary regulations to render
the causes inoperative by providing an efficient ventilation. It is not necessary that we should
give an example of a system applicable to barracks. The conditions vary so much that it is hardly
possible to devise a plan that shall be suitable to all cases ; circumstances will determine the most
fitting arrangements. If the principles we have discussed be borne in mind, the foregoing illus-

trations will be amply sufficient to enable the sanitary engineer to design a system that shall be
applicable to a given case.

The ventilation of prisons requires a system similar in its general arrangements to that in use
in hospitals. The first important application of the plan of admitting the fresh air at the top of
the room and extracting it at the bottom was applied to the model prison at Pentonville, and pub-
lished in 1844 by Major Webb. The objects proposed were—1, to provide each prisoner with a
sufficient quantity of cold or warm fresh air without causing a draught; 2, to effect the displace-

ment of an equal quantity of vitiated air ; and 3, to avoid all communication between the prisoners

by the transmission of sound.
The system adopted to attain these objects is shown in Fig. 7285. In the cellars beneath

the building are placed boilers, from which
hot-water pipes run beneath the floors and î285#

passages of the ground story. From thence,

separate warm-air ducts for each cell run
up to a grating in the ceiling beyond the
reach of the occupants. On the opposite

side of the cell near the floor is the aperture
for the escape of the vitiated air, which
aperture is in communication with a sepa-

rate flue through which the air is conveyed
up to a collector beneath the roof. Here
the fires of the establishment are utilized

to give the requisite suction, and special

stoves provided for use when occasion re-

quires it. The same system has been ap-
plied to the prison of Mazas in Paris.

Warming.—The human body is a furnace,

in which combustion is constantly going on.

This combustion is the sole source of heat

to the body. It is altogether erroneous to

suppose that we derive heat from the me-
dium in which we are placed. On the con-

trary, the medium, being at a lower tempe-
rature than our bodies, abstracts heat from
them. When we enter from a cold atmo-
sphere into a warm room, we are apt to

think that our bodies are absorbing heat

from the warm air of the room. But if we
reflect that the temperature of the human ,£

body in health is always about 100°,

whether the climate be frozen or tropical, and that the temperature of a room is always consider-

ably less than 100°, we shall at once see that the warm atmosphere of the room must abstract heat

from our bodies as the cold external atmosphere did ; the only difference is that one abstracts it

much more rapidly than the other. It is the sudden reduction of the rate of abstraction that causes

the sensation of warmth. When the air in contact with the body is at a low temperature, it

abstracts heat rapidly, and thereby causes a sensation of cold, and it is to reduce the rate of abstrac-

tion that it becomes necessary to warm the air in winter, and to increase the quantity of clothing.

The combustion above alluded to is at all times sufficient to produce an excess of heat. If the

temperature of the atmosphere is at 100°, it is incapable of abstracting any, and in such a case, even

when sitting still, the heat is intolerable. Consequently the temperature of the atmosphere of a

dwelling-room should be such as to allow the abstraction of the excess and no more ; for if it

abstract more, we feel cold, and if less, we are uncomfortably warm. This temperature has been

found to be from 63° to 66°, and it is to maintain this temperature that the various systems of

warming are employed. The maintenance of a due degree of warmth is as necessary to health as

an efficient ventilation, and it should therefore be considered iix conjunction with the latter.

In treating of ventilation, we described the various modes of warming the air before admitting

it into the room, and as the whole question of warming lies in this, it only remains tor us to describe

the several kinds of apparatus by means of which the warming is effected. These apparatus may
be classed under the heads of the grate, the stove, gas, steam, and hot water.

The grate is so well known that it needs no description. It is by far the most wasteful oí fuel.

Dr. Arnott calculated that not more than one-eighth part of tin 1 heal generated was thrown oui into

the room, the rest ' eing carried up the chimney. Notwithstanding its wasteful character, it is by

Bgcaai
tmvM^mu^w^«v.mvmm



3046 VENTILATION.

far the greatest favourite in England. This is due to its air of cheerfulness and comfort, and
its power of concentrating the whole family in one social circle, a power that has rendered the

fire-side almost an object of worship. There is, however, a liability to err in respect to the question

of waste heat. When discussing the merits of the several kinds of fire-places, it is customary to

speak of the heat which escapes from a grate up the chimney as representing so much fuel abso-

lutely lost. Such is far from being the case. The heat that passes up the chimney performs a very

important work by producing the suction requisite for the extraction of the vitiated air. Therefore

the heat which escapes into the chimney, instead of being considered as waste, should be regarded

as so much motive power necessary to ventilation. There is no doubt, however, that the power thus

afforded is greatly in excess of what is needed, and for this reason grates must be considered as

very wasteful of fuel. Numerous attempts have been made to improve them in this respect, some
of which have been fairly successful.

When a fire is kindled in a fire-place, the heat produced by the combustion is divided into two
parts, one of which is utilized to warm the apartment—1, by radiation ; 2, by the reflection of the

rays from the surfaces of the fire-place; and 3, by the hot-air chamber when there is one, which
heat is sometimes called heat of transmission ; while the other part passes into the smoke-flue, where
it serves the two important purposes of ridding the room of the products of combustion and of pro-

moting ventilation. These latter purposes every kind of fire-place must efficiently accomplish ; the

objection which lies against the open grate is that too much of its heat, often as large a proportion

as 90 per cent., is turned to this account. Now, a sufficient draught is produced to effect the pur-

poses indicated above if there is a difference of temperature of 25 or 30 per cent, between the column
of air in the chimney and that of the external air. But as it is frequently necessary to produce a

stronger suction than would result from this difference of temperature in order to reduce the sectional

area of the inlet air-ducts, we may assume that there should be a difference of 40 per cent. As
only about 10 per cent, of the heat produced is utilized in the room by direct and indirect radiation,

we see at once that a large proportion is absolute waste. To remedy this costly defect of the open
fire there are two means available, namely, a more effective arrangement of the radiating surfaces,

and a fuller utilization of what we have designated as the heat of transmission. One improvement
consists in diminishing the quantity of metal in contact with the fire ; for as iron is an excellent

conductor of heat, it passes the heat into the wall as fast as it is generated, a fact that is rendered
clearly apparent by the surface of the coals in contact with the iron being always black. This im-
provement is effected by forming the back and sides of fire-bricks. The form of the grate is also

deserving of attention. The object being to present a large surface of glowing heat at the front,

the grate should be made long and deep in proportion to its width from front to back. This prin-

ciple must, however, not be carried too far, or the stratum of coal will be so reduced in thickness as

to burn imperfectly. Another importent matter is the shape of the chimney-mouth or recess above
the grate. If the sides are square with the back, it is evident that no portion of the heat falling

upon them can be thrown out into the room. To render this heat available, the sides, or covings as

they are technically termed, should make an angle of about 130° with the back. Usually these
covings are made of curved iron, and polished to reflect the heat ; as, however, they speedily become
covered with soot, it is doubtful whether they utilize the heat falling upon them to the degree that
bricks would do. The conductivity of the metal transmits the heat to the wall behind, where it

serves no useful purpose, but bricks would radiate it when they became sufficiently heated. Much
depends also on the dimensions of the chimney-throat, which should be just sufficient to allow a
passage for the burned and vitiated air and the smoke, and no more ; for if larger dimensions be
given it, the warmed air of the room will be carried away too rapidly. To regulate the size of this

opening is the object of the register in the register-grate. All the numerous forms of grate recently
introduced have been constructed on these principles. We shall not attempt the endless and
unprofitable task of describing all these new inventions, but will content ourselves with merely
directing attention to one form in which the fuel, instead of being placed on the top of the fire, is

supplied to it from below. The chief advantage of this system is that combustion is complete, the
smoke being wholly consumed by the glowing mass of coals above, through which it is forced to

pass. By this means fuel is economized, and the outside atmosphere is rid of one polluting

cause.

The utilization of the excess of heat, which, in spite of
every improvement effected in the grate and the chimney-
mouth, will pass up the chimney, offers the most pro-

mising field to inventive genius. We have already
described incidentally the various modes of employing
this heat to warm the air previous to admission, and so

far such systems are satisfactory. But as this excess of

heat is always large, more of it might be made available
for radiation into the room by passing it through one or
more convolutions of passage behind the chimney-piece,
or in some other position, before admitting it into the
chimney. An excellent plan of effecting this has been
proposed by Joly, and is shown in Fig. 7286, which we
take as an illustration of what may be accomplished in

this way.
When the fire is first lit the damper C is opened, and

the smoke allowed to pass directly up into the chimney A.
But as soon as the draught is well established, the damper
is closed, and the burned air and smoke made to pass
down behind the chimney-jambs, beneath the bearti), and up again on the other side, as shown in

the figure, before being admitted into the chimney, after the manner adopted in Kussian stoves.

72S6.
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Tlio incoming air is wanned by being made to pass np in contact with the Hue, as shown at B.
With such an arrangement there would be very little waste of heat.

Stoves.—By the term stove is generally understood an enclosure of metal, brick, or earthenware
constructed to contain a fire, and placed away from the wall of the room. Though the open fire

continues to be in favour in England, in other countries, especially where fuel is scarce, the
stove is in almost universal use. For simply warming an apartment, the stove possesses an enor-

mous ad van! age over the grate, inasmuch as it utilizes from 80 to 90 per cent, of the fuel. But it

must be borne in mind that this economy is purchased at the cost of ventilation. As a writer lias

well remarked, nothing is easier than to warm a close apartment. Shut a man in it, and supply him
with food, and his body will bea stove sufficient to warm the atmosphere, the only drawback to this

method being that the man's death from suffocation will only be a question of time. A similar
objection lies against the stove ; it tends to promote suffocation. Other objections are, its liability

to become overheated, and to burn the air, and its want of the cheerful aspect possessed by the open
fire. The unwholesomeness of the stove has, however, been removed to a very great extent.
If due precautions are taken to carry off the noxious products of combustion and to prevent
the surfaces from becoming overheated, the stove may be made to do useful service, both iu

warming and in ventilating an apartment. The conditions which must be fulfilled in the con-
struction of a stove to render it both wholesome and efficient are the following;—The fin-box must
possess dimensions proportionate to the heating surface, and be so arranged that no portion of the
sin face iu contact with the air may be overheated. The smoke-passage must be unobstructed, and
of a diameter proportionate to the fire-box and the degree of ventilation which it is required to

produce, and an evaporating surface must be provided to maintain a proper degree of moisture in the
atmosphere.

The numerous inventions of recent years have all been attempts to realize these conditions. The
means employed to avoid overheating the surface is to line the fire-box with bricks, and to enclose
it in several casings, by whicli means the heating surface is increased. The earliest successful
attempt to improve the stove, and render it wholesome, was made in 1855 by Dr. Arnott. The
Arnott stove, shown in section in Fig. 7287, has served as a model for subsequent inventors, who
have done little more than improve the details of its arrangement. The feed-draught is admitted near
the ash-pit door, and is regulated by a valve, which allows a slow combustion to be maintained. The
coal is introduced at' the top through lids, which are rendered nearly air-tight by means of sand-
joints, that is, by their edges being turned down and made to dip into grooves filled with sand. The
fire-box is lined with fire-bricks, as shown in the figure, to prevent such cooling of the ignited mass
as might interfere with a steady combustion. The stove proper is enclosed in a case or covering, to

prevent the intense heat of the former from injuring the air of the room. In this example, the coal

is represented as burning from the top downwards; but in the most approved form of this stove the
coal is lit at the bottom. In this case, only that portion of it which is in contact with the bars
through which the air is admitted is in a state of active combustion. The unignited coal sinks down
as the lower layer is consumed; thus the stove is self-feeding. A sufficient quantity of coal may be
placed in the stove to last twenty-four hours, a valuable feature when it is to be used solely for

ventilative purposes.

Ï287. 7283.
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After Dr. Arnott, Sylvester, an engineer, brought out an improvement, which has produced an

entire change in the construction of stoves. The new principle introducid by Sylvester oonsifited in

multiplying the heating surfaces by means of vertical plates. The following description of the

improved stove will best illustrate the principle An elevation and a plan of the stove are given

in Figs. 7288, 7289.

The fuel is placed upon a grate, the bars of which are even with the floor of the room. The
sides and top of these stoves are constructed of double casings of iron, and in the Bides a Belies of

vertical plates, parallel with the front facing, are included in the interior, which collect by conduc-

tion a great portion of the heat generated by the fire, the mass of metal of which these are composed

being so proportioned to the fuel consumed that the whole can never rise above the temperature of

212° Fahr, under any circumstances. The sides and top of the stove are thus converted into a hot

chamber, offering an extonsive surface of heated metal. At the bottom, through an opening in the
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ornamental part, the air is allowed to enter, which, as it becomes warmed, rises through the différent

compartments formed by the hot parallel plates, and escapes at the top through similar openings
into the room.

Sylvester's idea was modified a few years later by Gurney, who produced the stove represented
in Fig. 7290. It resembles Sylvester's stove in possessing the multiple heating surfaces. It differs

from it, however, in form, and in not always being lined with fire-brick,

overheating being prevented by placing the stove in a pan filled with
water, the evaporation of which is effected with a rapidity corresponding

to the activity of the combustion. It would be preferable to line this stove

with brick in all cases, and a more ornamental appearance might be given
to it by substituting a vase, conveniently placed on the top, for the some-
what unsightly pan at the bottom. This stove possesses the undoubted
merit of having popularized the use of the plates or ribs first introduced by
Sylvester.

When a stove is employed solely to warm the air before being admitted
into an apartment, it is termed a hot-air stove, and its construction is

modified to render it suitable to the purpose intended. Stoves applied to

this use generally consist of a fire-box, smoke-pipes in one or more convo-

lutions, a casing enclosing the hot chamber, and hot-air pipes running
from the top. But the details admit of an infinite variety in the arrange-

ments, and it would therefore be futile to attempt a description of them.
"We have already shown some of these arrangements when treating of

ventilation.

When large spaces have to be warmed, such as the interiors of public buildings, it is obvious
that a single radiating stove, whatever its dimensions may be, must be quite inadequate to the
purpose ; for the distant parts of the room would remain cold even after the heat in the immediate
neighbourhood of the fire had become intolerable. To increase the number of the stoves would entail

great additional labour and expense, and in many cases would be altogether impracticable. Hence
it is necessary to employ means of transmitting the heat from one fire and of distributing it equally

over the whole space. The means used for this purpose are hot air, hot water, and steam, to which,
as applicable to certain cases, may be added gas, though the latter must be considered as a substitute

for several fires, rather than a means of transmitting heat from one fire. Hot air possesses the great

advantages of being extremely simple and cheap in its application, and of ensuring an adequate and
perfect ventilation ; but it is open to the grave objection of rendering the air unwholesome by over-

heating it. As we have previously explained, air suddenly heated is unwholesomely dry; but
besides this, when air is passed over metal in a state of intense heat, the organic matters floating in
it are burned, causing the unpleasant smell which air so treated always possesses. This objection,

however, lies rather against the details than against the principle of the system. If the air, instead

of being brought into contact with a small surface intensely hot, were passed over a much larger

surface at a correspondingly lower temperature, the same effect of warming would be produced
without the unwholesome consequen ces that attend the former case. The various modes of dis-

tributing the warmed air have been already described.

Hot water is by far the most generally employed means of warming buildings. Its application
to this purpose seems to have been first suggested by John Evelyn, who, in his Kalendarium
Hortense, proposed, as early as 1675, to employ it to warm hothouses for plants. In Evelyn's plan,
which is illustrated by drawings, we find all the elements of our present system of warming and
ventilating by hot water, and the details are skilfully arranged. But it does not appear that the
system made any progress in his time, for we next hear of it in 1816, as introduced into England
by the Marquis de Chabannes from France, where it had been employed since 1777 by Bonnemain
for the artificial hatching of chickens. Since that time it has continued rapidly to develop itself.

The principle of this mode of conveying heat is a very simple one. Suppose a circuit of pipesABCD,
Fig. 7291, in which a furnace is placed at A and an expansion vessel at B; the water in this
circuit will remain in a state of absolute rest, because the
columns A B and D C are of equal density. Suppose now a
fire made in the furnace at A ; the column A B will be heated,

and consequently its density lessened, and the equilibrium of

the two columns will be destroyed ; the portion D A will be
driven towards the furnace with a force proportionate to the

difference of density in the two vertical columns. If now we
conceive the columns B C and A D produced, it will be evident
that heat may be transmitted through them to a considerable

distance. Moreover, it is obvious that if the pipes are made
of a good conducting material, as iron, and are coiled or multi-
plied in their course, they will give off their heat in a degree
directly proportionate to the extent of their surfaces and the temperature of the water relatively to
that of the surrounding atmosphere.

As the heat from the pipes affects the circulation of the air in the room, the pipes must be dis-

posed in accordance with the system of ventilation adopted. Obvious as it may seem, this precaution
is frequently neglected, and the consequence of such ignorance is cold draughts in every part of the
room. There are various ways of arranging the hot-water pipes. Very often they are placed hori-
zontally, either upon the floor against the walls of the apartment to be warmed, or beneath the
floor

; in the latter case, a grating is placed in the floor directly over the pipes. This arrangement
is the usual one adopted in churches. Sometimes the pipes are fixed vertically in special flues in
the walls, as shown in Fig. 7292; in this case, an opening is provided in the flue at the top and
bottom of each apartment to allow of the joints being inspected, and to afford a passage fur the

Ï291.
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ventilative currents. Another arrangement, and one that in numerous cases is by much the best, is

to place the pipes in coils, or some other suitable manner, in the basement of the building, and to
employ them instead of air-stoves to heat the incoming ventilative current.
By this means all the advantages of the hot-air system may be obtained, with-
out the defects which we have previously pointed out. An arrangement of
this kind has been described in connection with the ventilation of St. Thomas's
Hospital, and at the Houses of Parliament a similar plan is carried out by
means of steam. The best means of combining the warming with the venti-

lating of an apartment, or set of apartments, and it is impossible to separate
these without producing greater evils than the warming is designed to avoid,
is undoubtedly afforded by hot air. As we have already pointed out, the
objections to the latter system lie, not against the principle of it, but against
the mode of heating the air ; and if hot water were substituted for the hot-air

stove, every objection on the score of unwholesomeness would be removed.
Drs. Drysdale and Hayward, whose system of warming and ventilating has
already been described, condemn the mode of warming with hot air as being
unwholesome, but they admit its superiority over every other mode by prac-
tically adopting it ; for though they employ hot water, they do so only to

warm the incoming ventilative current. An advantage possessed by the hot-
water over the hot-air system is that it may be more easily applied to an
existing building. The form of the furnace and the arrangement of its details

admit of endless variety. The object to be attained is the same as in a steam-
boiler, and the means employed must thus be similar.

To avoid the necessity for so large a mass of water and such an extent of
heating surface, the high-pressure system was introduced by Perkins. In this

system the pipes are made very small and very strong, frequently 1 in. outside
and £ in. inside diameter, and always of wrought iron. These pipes are formed
into an endless circuit and hermetically closed, and the water is made to circu-

late through them rapidly at a temperature of 300° and upwards. The furnace
is enclosed in brick, and the water is heated by passing a number of coils of
the pipe through the furnace. At the highest part of the circuit is an expan-
sion vessel, also shut off from the atmosphere, and allowing an expansion of

15 or 20 per cent. The pipes may be carried through the building in the same
way as in the low-pressure system already described. A common arrangement
is to place a considerable coil in a pedestal or bunker with open trellis-work in front, in a convenient
part of the room. From the smallness of the pipes employed in this system, they can be readily
placed in position without injury to the floors and walls. The mode of increasing ti e heating
surface by coils is also an advantage. The objections to this system are its expensiveness, which
is a great obstacle to its general adoption, and the liability of the pipes to burst.

The great capacity of water for heat, aud the permanence of its circulation even long after the
fire in the furnace has been extinguished, ensure a regular temperature in every part of the room
in spite of interruptions of the furnace fire, and constitute one of the greatest advantages of the
hot-water system. Also heat can be conveyed by means of water to a great horizontal distance,

which it is hardly possible to do with hot air, and the air is never overheated as it frequently is by
stoves. Other advantages possessed by the system are its economy of fuel, the facilities it offers for

the constant supply of hot water for baths and lavatory purposes, the ready means it afibrds for

effecting an adequate and suitable ventilation, and the surety it gives against fire, aud the lesser

but great evil of smoky chimneys. On the other hand, its first cost is considerable ; it is very slow
in its action on account of the mass of water to be heated, and it lacks the cheerful appearance of
the open fire.

Steam possesses several advantages over hot water that has led to its adoption in many public
buildings. In factories, workshops, and all places where steam power is employed, it aflbrds the
readiest, the most efficient, and the cheapest means of warming, because the steuin may be taken
directly from the boiler. "Where, however, a special boiler has to be provided, the cost is usually
greater than that of water. Warming by steam is founded on the property which steam possesses

of being suddenly condensed when brought into contact with a cold surface, aud at the same time
of giving out its latent heat, which is communicated to that surface. The condensing vessel is

usually a pipe placed in a suitable position in the room to be warmed. The circuit of pipe is so

disposed that the water derived from the condensation of the steam is conveyed back to the boiler.

The chief advantages of steam as a means of warming, consist in the rapidity with which heat may
be conveyed to and cut off from a given point; the great quantity of heat that may be conveyed,
and the consequent small dimensions of the pipes required.

To ensure a successful working of the system, the details must be carefully planned and
executed, and the extent of heating surface must be calculated according to the size of the room,
the thickness of the walls, the number of windows, the northern or southern aspect, or any other
source of loss of heat. In making this calculation of the requisite surface of steam-pipe, it is usual
to allow 1 sq. ft. for every 6 sq. It. of single-glass window of the ordinary thickness; 1 sq. ft.

for every 120 sq. ft. of wall, floor and ceiling of ordinary material and thickness, and 1 sq. ft. for

every cub. ft. of hot air escaping a minute as ventilation. The first cost of steam apparatus is

less than that of hot water, on account of the small dimensions of the pipes required ; and provided
the details are planned and executed properly, there will be no risk of leakage, nor any danger to

be apprehended of explosion, as the condensed water returns immediately to the boiler through
pipes suitably placed. As the pipes occupy even less space than Perkins's high-pro ssore hot-water
pipes, the advantages afforded by the latter in this respect are realized in a higher degree by the
use of steam.
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Gas has not yet been applied systematically to the warming of the atmosphere of an apartment.

It possesses, however, qualities that render it very suitable for this purpose, and it is probable

that a future generation will turn on heat, as we now turn on light, by means of this valuable
agent.

Books on Warming and Ventilating ;—Inman (W. S.), ' Report on Ventilation, Warming, and the
Transmission of Sound,' 8vo, 1836. Tredgold (T.), • Principles of Warming and Ventilating Public
Buildings,' 8vo, 1836. Péclet (E.), ' Traité de la Chaleur,' 3 vols, rovai 8vo, Paris, 1843. Eeid
(D. B.), 'Theory and Practice of Ventilation/ 8vo, 1844. Bernan (W), 'History of the Art of

Warming and Ventilating,' 2 vols. 12mo, 1845. Arnott (N.), ' The Smukeless Fireplace,' 8vo, 1855.

Morin (Gen.), ' Études sur la Ventilation,' 2 vols. 8vo, Paris, 1861. Ritchie (R.), ' On Ventilation,

Natural and Artificial,' 8vo, 1862. Box (Thos.), ' Practical Treatise on Heat,' crown 8vo, 1868.

Hood (C), ' On Warming Buildings and on Ventilation,' 8vo, 1869. Eassie (W.), ' Healthy Houses/
12mo, 1872. ' Health and Comfort in House Building/ by Drs. J. Drysdale and J. W. Hayward,
Svo, 1872. Joly (V. Ch.), 'Traité Pratique du Chauffage et de la Ventilation/ royal 8vo, Paris,

1873. Reid (D. B.), ' On Ventilation in American Dwellings/ 8vo, New York.
VIADUCT. Fr., Viaduc; Ger., Viaduct; Ital., Viadotto; Span., Viaducto.

Though strictly speaking embankments, cuttings, and tunnels are viaducts, the term is generally

understood to apply only to elevated roadways supported upon artificial constructions of stone, iron,

or timber. Thus a viaduct may be defined as an extensive bridge, or series of arches, erected for

the purpose of conducting a road or a railway above the level of the ground in crossing a valley, or

any place where it may be necessary to conduct the road or the railway at the requisite elevation

above the natural surface of the ground, in order to avoid interference with previously existing lines

of communication. The wide extension of the railway systems, and the imperative necessity in

their construction for preserving a horizontal level for the roadway, or at least of departing from
this level within very restricted limits only, have rendered the construction of viaducts an important
part of railway engineering. When the necessity occurs for raising the line to a height consider-

ably above the natural level of the ground, various considerations may arise to influence the
engineer in his choice between an embankment and a viaduct. If the height be great, or the sub-
formation of the valley of a very unstable nature, an embankment is scarcely practicable, and there-

fore valleys, whether having a stream in them or not, are almost always crossed by viaducts. In
other cases, appearance and economy must be considered. An embankment, by cutting off the view
beyond, may destroy the value of a site that without it would be picturesque. This consideration

in some instances may be an important one ; but usually the question is decided on the ground of
economy. An embankment covers a wider base than a viaduct, and covers it too in a more absolute
manner, for it must be borne in mind that the space beneath a viaduct may often be profitably

utilized. Want of cohesion in the materials causes an embankment to subside under the heavy loads

that are continually passing over it, and from the effects of heavy rains. This latter cause also

7293. 7294.
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operates to wear away the sides and other exposed surfaces. Thus the question of repairs becomes a
serious one, and often leads to the choice of the viaduct as involving less expense for construction
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and maintenance. This is especi-

ally the case in the neighbourhood
of towns where a railway has to be
brought in on a level sufficiently

elevated to enable it to pass over the

streets. The outskirts of London
contain numerous examples of this

mode of carrying a line of railway.

As a viaduct is nothing more
than an extended bridge, we need
not enter here into a consideration

of the principles of its construction,

which, being precisely similar to

those of a bridge, have been fully

treated in another article. The only

différence of construction in the
details of the viaduct is due to the

great height of the piers which this

structure frequently requires. This
circumstance renders it necessary

to tie the piers between the ground
line and the springing of the arches.

This is effected by throwing a light

arch from one to the other, as shown
in Figs. 7295, 7297. These Figs.

7293 to 7298 are given as simple

types of stone-viaduct construction.

The two former have each a con- ^
stent breadth of 25 ft. 6 in., which S
is sufficient for a double line of

rail«?. The faces of the spandrils

are vertical ; the piers are solid

and have no insets in any part, but
to compensate this their batter is

considerable, being *035 in the
longitudinal and 05 in the trans-

verse section. The bonding of the

masonry is strengthened by courses

of ashlar-work extending through
the pier at intervals of about 12 ft.

All the salient angles have stone

dressings. When the height of the
piers is great, they are tied or rather
buttressed, since there can be no
tensile strain, with light segmental
arches varying in breadth from
11 ft. to ]4 ft. 6 in., according to

the size of the principal arches.

This buttress arcading is situate

about 60 ft. below the springing of

the arches. In the type represented
in Fig. 7295, every fifth pier is

strengthened with a central mass
of masonry, the thickness of which
is constant for the whole height,

but which varies from 5 to 8 ft.

according to the requirements of
the load and the thrust. In the

side elevation this central portion

forms projecting counterforts.

There are numerous fine ex-
amples of timber viaducts in exist-

ence. One on the line of the Rich-
mond and Petersburg Eailway, in

North America, has a total length
of 2900 ft., and is constructed on the »

• i ^
truss principle. The truss frames, S
which are horizontal on top and
bottom, are 20 ft. deep, and are sup-
ported upon eighteen granite piers

standing 40 ft. above the water, at

distances apart varying from 130 to

153 ft. A similar structure crosses

the Susqueh annali, and is 2200 ft.

in length, each span being 220 ft.
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Among the finest examples existing in England may be mentioned two on the Newcastle and
Tynemouth Railway. One of these structures crosses the Ouse bourne, a public roadway, a mill-

race, and the adjacent valley. It consists of five wooden arches, three of which are 116 ft. span
and two 114 ft., and four end arches of masonry, two having a span of 43 ft., and the two others

36 ft. ; the total length of the viaduct being 918 ft. It carries a double line of rails in a breadth
of 26 ft., and a footway 5 ft. broad ; the height of the rails above the bed of the bourne is 108 ft.

The piers are of masonry, and have a considerable batter, the principal being 21 ft. wide at the
footings and 15 ft. at the springing of the arches ; they are continued, with reduced dimensions,

up to the level of the roadway. The construction of the wooden arches is worthy of special

attention. The ribs of which they are composed are of kyanized Dantzic deal, and they are turned
to a radius of 68 ft., the rise being about 33 ft. The planks of which these ribs are made up are

1 1 in. wide by 3 in. thick, and are in lengths varying from 20 to 46 ft. In building up the rib,

these planks are laid two whole ones in one course, and one whole one and two halves in the next
course, care being taken to cross the joints both longitudinally and in depth. The number of courses

so formed is fourteen. To fix these courses together, oak treenails 1| in. in diameter were used at

distances of 4 ft. apart, each treenail passing through three of the deals. The latter were bent to the

required form over a centre. To keep the joints perfectly tight, a layer of brown paper, previously

dipped in boiling tar, was placed in them. The spandrils of these arches are formed of trussed

framings. The flooring, which is of 3-in. planking over transverse beams 4 ft. apart, is covered with
a composition impervious to water. The dimensions marked on Figs. 7293 to 7297 are metric.

On the Cornish Railway there are numerous examples of timber viaducts that are deserving of

a careful study.

VICE. Fk., Etau; Gee., Schraubstock ; Ital., Morsa; Span., Tomillo.

See Hand-Tools.
VIRTUAL VELOCITY. Fk., Vitesse virtuelle; Gek., Virtuelle Geschwindigkeit ; Ital., Velocita

virtuale; Span., Velocidad virtual.

Virtual velocity is a minute hypothetical displacement, or motion, assumed in analysis to facilitate

the investigation of statical problems. With respect to any given force of a number holding a
material system in equilibrium, it is the projection upon the direction of the force, of a line joining

its point of application with a new position of that point conceived to be taken indefinitely near
to the first, and without disturbing the equilibrium of the system, or the connection of its parts

with each other. The principle of virtual velocities is the law that when several forces are in

equilibrium the algebraic sum of their virtual moments is equal to zero. The virtual moment of

a force is the product of the intensity of the force multiplied by the virtual velocity of its point

of application.

VIS VIVA. Fk., Force vive ; Ger., Lebendige Kraft ; Ital., Forza viva ; Span., Fuerza viva.

Living force, or vis viva, is the force of a body moving against resistance, or doing work, in

distinction from vis mortua, or dead force. It is expressed by the product of the mass of a body
multiplied by the square of its velocity. The principle of vis viva is the principle that the difference

between the aggregate work of the accelerating forces of a system and that of the retarding forces

is equal to one-half the vis viva accumulated or lost in the system whilst the work is doing. The
term vis mortua is not often used, and implies force doing no work but only producing pressure.

Vis inertiœ is the resistance of matter, as when a body at rest is set in motion, or a body in motion
is brought to rest, or has its motion changed either in direction or in velocity ; it also means
inertness ; inactivity. Vis inertiœ and inertia are not strictly synonymous, as the former applies to

the resistance itself which is given, while the latter applies merely to the property by which it

is given.

WARMING. Fk., Chauffage; Gek., Heizung ; Ital., Riscaldamento; Span., Calefacción.

See Ventilation.
WATER-WORKS. Fk., Conduite et Distribution des eaux; Gek., Wasserbitung ; Ital., Condotta

di acqua potabile ; Span., Obras hidráulicas.

One of the primary wants of human life is a constant supply of wholesome water ; and it is a
chief duty of the hydraulic engineer to collect and convey economically stores of water, from either
natural or artificial reservoirs, to communities which without water could not exist. Rain is the
great source of all fresh water, and when it has fallen it presents itself in the forms of surface
waters, rivers, streams, and natural springs ; but may also be obtained from wells and impounding
reservoirs, artificially formed, or from a combination of two or more of the sources named. As it is

useless to entertain any scheme for supplying water without ascertaining the composition and
quality of all the waters liable to be drawn upon, a careful analysis must be made, and the purest
available source selected.

Analysis.—A great difficulty with water analysis is, to satisfactorily prove the sanitary effect of
certain impurities contained in the water,— that is, to show connection between the results of an
analysis, and the physiological effects produced by the use of that Avater. This arises from our
knowledge of the subject being less definite than could be wished. Thus, the good or bad effect

of moderately hard waters containing chalk is an open question ; and although waters containing
sewage, metals, living organisms, animal refuse, or salts, in excess, are decidedly objectionable,

waters having traces of them may be used with impunity. It is, however, generally recognized
that water can be considered good and potable when it is fresh, clear, without odour; when its

savour is very weak; when it is especially neither distasteful, salt, or sweetish; when it contains
little of extraneous matters; when it is sufficiently aerated ; when it dissolves soap without forming
clots ; and when it cooks vegetables well.

Any glass-stoppered bottle, holding two or three quarts, will serve for collecting the sample to
be examined, care being exercised that the bottle is quite clean. In collecting the water from a
river or tank, the bottle should be immersed below the surface, and rinsed once or twice with the
water ; and in taking the water from a pump or pipe a quantity should be allowed to flow away
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before the sample is collected. The bottle is filled up nearly to the neck, and the stopper tied over
with a piece of linen, no luting or wax being used.

As a Preliminary Examination.—Fill a iiask of white glass with the water to be examined, and
compare its colour with that of distilled water contained in a similar flask. Warm some of the
water slightly in a test-tube ; shake it, and observe if the water possesses any peculiar odour or

taste. Warming will often disclose the smell of a water when none could be noticed cold.

A rough method of estimating the suspended matters is to pass a known quantity of water
through a filter paper previously washed in distilled water. The increase in the weight of the
filter paper gives the quantity of total suspended matter in the known volume of the water.

Burn the paper, and weigh the ash ; then burn an unused filter paper previously ascertained to be
precisely similar to that used, and also weigh its ash ; the quantity of ash in excess of that contained
in the unused filter gives the amount of suspended inorganic matter in the water.

Estimation of the Ammonii.—It is desirable to proceed at once with the determination of this

constituent, since it is the most liable to change. The method of estimation is based upon the
fact that an alkaline solution of mercuric iodide, added to a liquid containing ammonia, produces
a brown coloration, due to the formation of the iodide of tetramercurammonium. This test, known
as Nessler's, is capable of detecting one part of ammonia in 20,000,000 parts of water.

Preparation of the Nessler Test.—Dissolve 35 grms. of iodide of potassium in water, and add, little

by little, a cold concentrated solution of corrosive sublimate, until the precipitate disappears on stirring.

Cautiously continue the addition of the corrosive sublimate solution until a very slight precipitate

only remains. Filter, and add to the filtrate an aqueous solution of caustic soda, prepared by
dissolving 100 grams, of stick potash in 200 cub. cent, of water, and dilute the mixture ; to this

is added a tenth part of a weak solution of bichloride of mercury. The liquid should be allowed to

stand for a short time, and a portion decanted for use. The test requires, in addition to the use
of distilled water without ammonia, a standard solution of ammonia, containing y^ milligramme
of ammonia to each cub. cent, of water ; and graduated glass cylinders.

Transfer 100 c.c. of the water to be tested to one of the glass cylinders ; add 1£ c.c. of the
Nessler solution, and agitate. Notice the colour, and then pour as much of the solution of

ammonia as may be considered equivalent to it into a second cylinder, and fill up with 100 c.c.

distilled water; add 1| c.c. of Nessler solution. Mix thoroughly, and compare the tints in the
two cylinders. If they are about equal in intensity, the quantity of ammonia used will equal the
ammonia in the water that is being examined. Observe whether the natural water becomes turbid

after the addition of the Nessler test. A decided precipitate is due to lime or magnesia salts, and
indicates hardness.

Wanklyn and Chapman are of opinion that the usual methods employed to determine
organic matter in water are inadequate for the purpose ; and in their Treatise upon Water
Analysis, which we quote, they give a new method of determining nitrogenous organic matters. It

is distinguished by its special adaptation to detect and estimate microscopic quantities, and appears
to be especially adapted to deal with the organic impurities in water.

Most kinds of water contain ammonia, or ammoniacal salts, which either was recently, or may
presently become, a constituent of organic matter. In addition to this, most kinds of water actually

do contain more or less nitrogenous organic matter, which furnishes ammonia either on simple
boiling with carbonate of soda, or else on boiling with permanganate of potash, in presence of

excess of alkali. By estimating the amount of ammonia obtainable from water, noting the circum-
stances under which it is obtained, we have a measure of the nitrogenous organic matter present
in water.

We have seen the wonderful delicacy of the means of estimating and detecting ammonia. Such
being the character of this estimation, the great advantage of causing determinations of organic
matter to depend on measurements of ammonia will be manifest. By making these measure-
ments of ammonia stand for measurements of organic matter, we apply micro-chemistry to water
analysis.

The following is an outline of Wanklyn and Chapman's ammonia method of water analysis ;

—

Half a litre of water is taken and placed in a tubulated retort, and 15 c.c. of a saturated solution

of carbonate of soda added. The water is then distilled until the distillate begins to come over
free from ammonia; that is until 50 c.c. of distillate contain less than ^-i^ °f a milligramme of

ammonia. A solution of potash and permanganate of potash is next added. This solution is made
by dissolving 200 grammes of solid caustic potash and 8 grammes of crystallized permanganate
of potash in a litre of water. The solution is boiled to expel any ammonia, and both it and the
solution of carbonate of soda ought to be tested on a sample of pure water before being used in

the examination of water. 50 c.c. of this solution of potash and permanganate should be used with
half a litre of the water to be tested.

The distillation is continued until 50 c.c. of distillate contain less than T-i-¡r milligramme of

ammonia. Both sets of the distillate have the ammonia in them determined by means of the
Nessler test, as previously described. No matter how good the water may be, it is desirable never
to distil over less than 100 c.c. with carbonate of soda, and not less than 200 c.c. after the addition

of the potash and permanganate of potash.

Wanklyn and Chapman give as an example of their method the following analysis of Edinburgh
water, from Swanston, one half-litre taken ;- -

Ammonia.
Cub. Cent. Milligram

1. Distillate (carbonate of soda) 100 = "015

2. Distillate (potash and permauganate of potash) . . .. 100 = *035

100 = -015

•050
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Therefore, 1 litre of Edinburgh water, from Swanston, contains 0'030 milligrm. free ammonia;
' 10 milligrm. albuminoid ammonia ; or 1,000,000 parts contain ' 03 parts free ammonia, 10 parts

albuminoid ammonia.
We are indebted to Dr. Clark for a simple method of determining the degree of hardness of a

water. It consists in ascertaining the quantity of a standard solution of soap in spirit required to

produce a permanent lather with a given quantity of the water under examination, the result being
expressed in degrees of hardness, each of which corresponds to one grain of carbonate of lime in a

gallon = 70,000 grains of distilled water, of the water. The following are the particulars of Clark's

test ;—16 grains of pure Iceland spar, carbonate of lime, are dissolved, taking care to avoid loss, in

pure hydrochloric acid ; the solution is evaporated to dryness in an air-bath, the residue is again

redissolved in water, and again evaporated ; and these operations are repeated until the solution

gives to test-paper neither an acid nor an alkaline reaction. The solution is made up by additional

distilled water to the bulk of precisely one gallon. It is then called the standard solution of 16° of

hardness. Good London curd soap is dissolved in proof spirit, in the proportion of one ounce of avoir-

dupois for every gallon of spirit, and the solution is filtered into a well-stoppered phial, capable of

holding 2000 grains of distilled water; 100 test measures, each measure equal to 10 water-grain

measures of the standard solution of 16° degrees of hardness, are introduced. Into the water in

this phial the soap solution is gradually poured from a graduated burette, the mixture being well

shaken after each solution of soap, until a lather is formed of sufficient consistence to remain for

five minutes all over the surface of the water, when the phial is placed on its side. The number of

measures of soap solution is noticed, and the strength of the solution is altered, if necessary, by a

further addition of either soap or spirit, until exactly 32 measures of the liquid are required for 100
measures of the water of 16° of hardness. The experiment is made a second and a third time, in

order to leave no doubt as to the strength of the soap solution, and then a large quantity of the test

may be prepared, for which purpose Dr. Clark recommends to scrape ofT the soap into shavings by
a straight sharp edge of glass, and to dissolve it by heat in part of the proof spirit, mixing the solu-

tion thus formed with the rest of the proof spirit.

Process for ascertaining the Hardness of Water.—Previous to applying the soap test it is necessary

to expel from the water the excess of carbonic acid ; that is, the excess over and above what is

necessary to form alkaline or earthy bicarbonates, this excess having the property of slowly decom-
posing a lather once formed. For this purpose, before measuring opt the water for trial, it should
be shaken briskly in a stoppered glass-bottle half filled with it, sucking out the air from the bottle

at intervals by means of a glass tube, so as to change the atmosphere in the bottle ; 100 measures
of the water are then introduced into the stoppered phial, and treated with the soap test, the car-

bonic acid eliminated being sucked out from time to time from the upper part of the bottle. The
hardness of the water is then inferred directly from the number of measures of soap solution em-
ployed by reference to the subjoined Table. In trials of waters above 16° hardness, 100 measures of
distilled water should be added, and 60 measures of the soap test dropped into the mixture, provided
a lather is not formed previously. If at 60 test measures of soap test, or at any number of such
measures between 32° and 60°, the proper lather be produced, then a final trial may be made in the
following manner ;

—

100 test measures of the water under trial are mixed with 100 measures of distilled water, well
agitated, and the carbonic acid sucked out ; to this mixture soap test is added, until the lather is

produced. The number of test measures required is divided by 2, and the double of such degree
will be the hardness of the water. For example, suppose half the soap test that has been required
correspond to 10 T

5
y degrees of hardness, then the hardness of the water under trial will be 21.

Suppose, however, that 60 measures of the soap test have failed to produce a lather, then another 100
measures of distilled water are added, and the preliminary trial made, until 90 test measures of soap
solution have been added. Should a lather now be produced, a final trial is made, by adding to 100
test measures of the water to be tried 200 test measures of distilled water, and the quantity of soap
test required is divided by 3 ; and the degree of hardness corresponding with the third part being
ascertained by comparison with the standard solutions, this degree multiplied by 3 will be the hard-

85*5
ness of the water. Thus, suppose 85 5 measures of soap solution were required, ——— = 28*5, and

on referring to the Table, this number is found to correspond to 14°, which, multiplied by 3, gives
42° for the actual hardness of the water.

Table of Soap-test Measures corresponding to 100 Test Measures of each
Standard Solution.

Degree of
Hardness.

Soap Test
Measures.

1-4
3-2
5-4
7-6
9-6
11-6
13-6
15-6
17-5

Differences as
for the next
Degree of
Hardness.

Degree of
Hardness.

9
10
11

12
13
14
15
16

Soap Test
Measures.

Differences as
for the next
Degree of
Hardness.

19 4 r
21 3 i-

23 1 i-

24 9 i-

26 7 r
28 5 r
30 3 r
32-0 V
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Rainfall.—Kam is of all meteorological phenomena the most capricious, both a3 regards its

frequency and the amount which falls in a given time. In some places it rarely or never falls,

whilst in others it rains almost every day; and there does not yet exist any theory from which a
probable estimate of the rainfall in a given district can be deduced independently of direct obser-
vation. But although dealing with one of the most capricious of the elements, we nevertheless find

a workable average in the quantity of rain to be expected in any particular place, if careful and
continued observations are made with the rain-gauge. G. J. Symons, the meteorologist, to whose
continued investigations we are indebted for our most reliable data upon the subject of rainfall, gives
the following practical instructions for using a rain-gauge ;

—

"The mouth of the gauge must be set quite level, and so fixed that it will remain so; it should
never be less than 6 in. above the ground, nor more than 1 ft., except when a greater elevation is

absolutely necessary to obtain a proper exposure.
" It must be set on a level piece of ground, at a distance from shrubs, trees, walls, and buildings,

at the very least as many feet from their base as they are in height.

"If a thoroughly clear site cannot be obtained, shelter is most endurable from N.W., N., and E.,

less so from S., S.E., and W., and not at all from S.W. or N.E.
" Special prohibition must issue as to keeping all tall growing flowers away from the gauges.
" In order to prevent rust, it will be desirable to give the japanned gauges a coat of paint every

two or three years.
" The gauge should, if possible, be emptied daily at 9 a.m., and the amount entered against the

previous day.
" When making an observation, care should be taken to hold the glass upright.

"It can hardly be necessary to give here a treatise on decimal arithmetic ; suffice it therefore to

say that rain-gauge glasses usually hold half an inch of rain (0*50), and that each -y^ (O* 01) is

marked ; if the fall is less than half an inch, the number of hundredths is read off at once, if it is

over half an inch, the glass must be filled up to the half inch (0*50), and the remainder (say 0-22)

measured afterwards, the total (0'50 + 0*22) = 0'72 being entered. If less than T^ (0*10) has
fallen, the cypher must always be prefixed ; thus if the measure is full up to the seventh line, it must
be entered as 0'07, that is, no inches, no tenths, and seven hundredths. For the sake of clearness

it has been found necessary to lay down an invariable rule that there shall always be two figures to

the right of the decimal point. If there be only one figure, as in the case of one-tenth of an inch,

usually written 0*1, a cypher must be added, making it O'lO. Neglect of this rule causes much
inconvenience.

"In snow three methods may be adopted—it is well to try tliem all. 1. Melt what is caught in

the funnel, and measure that as rain. 2. Select a place where the snow has not drifted, invert the
funnel, and turning it round, lift and melt what is enclosed. 3. Measure with a rule the average
depth of snow, and take one-twelfth as the equivalent of water. Some observers use in snowy
weather a cylinder of the same diameter as the rain-gauge, and of considerable depth. If the wind
is at all rough, all the snow is blown out of a flat-funnelled rain-gauge."

A drainage area is almost always a district of country enclosed by a ridge or watershed line,

continuous except at the place where the waters of the basin find an outlet. It may be, and generally

is, divided by branch ridge-lines into a number of smaller basins, each drained by its own stream
into the main stream. In order to measure the area of a catchment basin a plan of the country is

required, which either shows the ridge-lines or give3 data for finding their positions by means of

detached levels, or of contour lines.

When a catchment basin is very extensive it is advisable to measure the smaller basins of which
it consists, as the depths of rainfall in them may be different ; and sometimes, also, for the same
reason, to divide those basins into portions at different distances from the mountain chains, where
rain-clouds are chiefly formed.

The exceptional cases, in which the boundary of a drainage area is not a ridge-line on the surface

of the country, are those in which the rain-water sinks into a porous stratum until its descent is

stopped by an impervious stratum, and in which, consequently, one boundary at least of the drainage
area depends on the figure of the impervious stratum, being, in fact, a ridge-line on the upper
surface of that stratum, instead of on the ground, and very often marking the upper edge of the

outcrop of that stratum. If the porous stratum is partly covered by a second impervious stratum,

the nearest ridge-line on the latter stratum to the point where the porous stratum crops out will be
another boundary of the drainage area. In order to determine a drainage area under these circum-

stances it is necessary to have a geological map and sections of the district.

The depth of rainfall in a given time varies to a great extent at different seasons, in different

years, and in different places. The extreme limits of annual depth of rainfall in different parts of

the world may be held to be respectively nothing and 150 in. The average annual depth of rain-

fall in different parts of Britain ranges from 22 in. to 110 in., and the least annual depth recorded

in Britain is about 15 in.

The rainfall in different parts of a given country is, in general, greatest in those districts which
lie towards the quarter from wdiich the prevailing winds blow ; in Great Britain, for instance, the

western districts have the most rain. Upon a given mountain ridge, however, the reverse is the

case, the greatest rainfall taking place on that side which lies to leeward, as regards the prevailing

winds. To the same cause may be ascribed the fact that the rainfall is greater in mountainous than
in flat districts, and greater at points near high mountain summits than at points farther from
them ; and the difference due to elevation is often greater by far than that due to one hundred miles

geographical distance.

The most important data respecting the depth of rainfall in a given district, for practical

purposes, are, the least annual rainfall; mean annual rainfall; greatest annual rainfall; distri-

bution of the rainfall at different seasons, and, especially, the longest continuous drought
;
greatest

flood rainfall, or continuous fall of rain iu a short period.
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The available rainfall of a district is that part of the total rainfall which remains to be stored

in reservoirs, or carried away by streams, after deducting the loss through evaporation, through
permanent absorption by plants and by the ground, and other causes.

The proportion borne by the available to the total rainfall varies very much, being affected by
the rapidity of the rainfall and the compactness or porosity of the soil, the steepness or flatness of

the ground, the nature and quantity of the vegetation upon it, the temperature and moisture of the
air, the existence of artificial drains, and other circumstances. The following are examples ;

—

Available Rainfall

Ground. -f-

Total Rainfall.

Steep surfaces of granite, gneiss, and slate, nearly 1

Moorland and hilly pasture from '8 to - 6
Flat cultivated country from *5 to *4

Chalk

Deep-seated springs and wells give from '3 to *4 of the total rainfall.

Such data as the above may be used in roughly estimating the probable available rainfall of a
district ; but a much more accurate and satisfactory method is to measure the actual discharge of

the streams at the same time that the rain-gauge observations are made, and so to find the actual
proportion of available to total rainfall.

The following Table gives the mean annual rainfall in various parts of the world.

Table of Kainfall. Collected by G. J. Symons.

Country and Station.

EUROPE.
Austria—Cracow

Prague
Vienna

Belgium—Brussels .

.

Ghent
Louvain

Denmark—;

Copenhagen
France—Bayonne .

.

Bordeaux
Brest .,

Dijon
Lyons
Marseilles

Montpelier
Nice
Paris
Pau
Rouen
Toulon
Toulouse

Great Britain—
England, London ..

„ Manchester
„ Exeter .

.

„ Lincoln ..

Wales, Cardiff

,, Llandudno..
Scotland, Edinburgh

„ Glasgow .

.

„ Aberdeen
Ireland, Cork .

.

„ Dublin .

.

„ Galway .

.

Holland—Rotterdam
Iceland—Reikiavik
Ionian Isles—Corfu .

.

Italy—Florence
Milan
Naples
Rome
Turin
Venice

Malta
Norway—Bergen

Christiania

Period
of Obser-
vations

years.

5
47
10
20
13
12

12
10
32
30
20

60
51

20
44
12
10

52

40
40
40
40
40
40
40
40
40
40
40
40

5
22
8

68
8

40
4
19

10

Latitude.

50
50

4N
5

48 12
50 51
51 4
50 33

55 41
43 29
44 50
48 23
47 14
45 46
43 17
43 36
43 43
48 50
43 19
49 27
43 4
43 36

51 31
53 29
50 44
53 15

51 28
53 19
55 57
55 52
57 8
51 54
53 23
53 15
51 55
64 8
39 37
43 46 N
45 29 N
40 52
41 53
45 5
45 25
35 54
60 24
59 54

Mean
Annual
Fall.

ins.

33
15
19

28
30
28

22
56
32
38
31

37
19
30
55
22
37
33
19
24

24
36
33
20
43
30
24
39
31
40
30
50
22
28
42
35
38
39
30
38
34
15
84
26

Country and Station.

Period
of Obser
vations.

EUROPE—continued.

Portugal— years.

Coimbra (in vale of\ 9
Mondego) .. ../

z

Lisbon 20
Prussia—Berlin .

.

6
Cologne 10
Hanover 3
Potsdam 10

Russia—
St. Petersburg .. 14
Archangel .. .. 1

Astrakhan .. .. 4
Finland, Uleaborg

Sicily—Palermo
Spain—Madrid ..

Oviedo 1

Sweden—Stockholm 8
Switzerland—Geneva 72

Great St. Bernard .

.

43
Lausanne .. .. 8

ASIA.

China—Canton .. .. ii

Macao
Pekin

India—
Ceylon, Colombo ..

„ Kandy
„ Adam's Peak

Bombay 33
Calcutta 20
Cherrapongee
Darjeeling
Madras 22
Mahabuleshwur . . 15
Malabar, Tellicherry
Palamcotta .. .. 5
Patna
Poonah 4

Malay—Pulo Penang
Singapore

Persia—Lencoran .

.

3
Ooroomiah .. .. 1

Russia—Barnaoul .\. 15

Nertchinsk .. .. 12

Latitude.

o I

40 13

38 42
52 30
50 55
52 24
52 24

59 56
64 32
46 24
65
38 8
40 24
43 22
59 20
46 12
45 50
46 30 N

23 6 N
22 24
39 54

6 56
7 18
6 50

18 56
22 35
25 16
27 3
13 4
17 56
11 44
8 30

25 40
18 30
5 25
1 17

38 44 N
37 28
53 20
51 18

Mean
Annual
Fall.

ins.

2240?

23
23
24
22
20

16
14

6
13
22
9

111
19
31
58
38

69-3
68-3
26-9

91-7
84-0
100-0
84-7
66-9

610-3
127-3
44-6
254-0
116-0
21-1
36-7
23-4
100-5
190-0
42-8
21

11
17'

•5

•8

•5
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Table of Rainfall—continued.

Country and Station.

Period
ofObser- Latitude,

vations.

ASIA

—

continued.

Russia—Okhotsk
Tiflis

Tobolsk
TURKEY

—

Palestine, Jerusalem-^

Smyrna

AFRICA.
Abyssinia—Gondar ..

Algeria—Algiers
Constantina
Mostaganem.
Oran

Ascension
Cape Colony—
Cape Town

Guinea—
Ckristiansborg

Madeira
Maueititjs—Port Louis
Natal—Maritzburgh
St. Helena
Sierra Leone ..

Teneriffe

NORTH AMERICA.
British Columbia—
New Westminster .

.

Canada—
Montreal, St. Martin's
Toronto

Honduras—Belize .

.

Mexico—Vera Cruz .

.

Russian America—
Sitka

United States—
Arkansas, Fort Smith
California, San Fran

cisco

Nebraska, Fort
Kearny

New Mexico, Socorro

New York, Westì
Point /

Ohio, Cincinnati ..

Pennsylvania, Phila
delphia

South Carolina, ì

Charlestown . . J

Texas, Matamoras .

.

West Indies—Antigua
Batbadoes

„ St. Philip

Cuba, Havannah ..

years.

2

6

2

14

3

10

i

2

2

20

2

16
1

lo

9

6

2

12

20

19

15

6

i Ó
20
2

Mean
Annual
Fall.

59 13
41 42
58 12

31 47
31 47
38 26 N

12 36 N
36 47
36 24
35 50
35 SON
8 8S

33 52 S

5 30N
33 30 N
20 3 S
29 36 S
15 55 N
8 30

28 28N

49 12N

45 31
43 39
17 29
19 12

57 3

35 23

37 48

40 38

34 10

41 23

39 6

39 57

32 46

25 54
17 3
13 12 N
13 13 N
23 9

ins.

35-2
19-3
23-0

65-0?
16-3
27-6

37
37
30
22
22

11

24

19

30

35
27
18

86
22

54-1

47
31

153
66

89

42

23

2S

7

46

46

43

48

35
39
75
56

50

Country and Station.
I

Period
|

!
Mean

iofObser-| Latitude. Annual
I vations. Fall.

N. AMERICA—cont.

W. Indies—Matanzas
Grenada
Guadaloupe, Basse-ì

terre
J

Guadaloupe,Matonba
Jamaica, Caraib

,, Kingstown
St. Domingo, Capei

Haitien . . . .
J

St. Domingo, Tivoli

Trinidad
Virgin Isles, St.i

Thomas' . . . . /
Virgin Isles, Tortola

SOUTH AMERICA.
Brazll—Rio Janeiro .

.

S. Luis de Maranhao
Guyana—Cayenne .

.

Demerara, George)
Town

J

Parimaribo
New Granada—
La Baja
Marmato
Santa Fe de Bogota

Venezuela—Cumana
Curaçoa

AUSTRALIA.
New South Wales—

Bathurst
Deniliquin
Newcastle
Port Macquarie
Sydney

New Zealand—
Auckland
Ckristehurch ..

Nelson
Taranaki
Wellington

South Australia—
Adelaide

Tasmania—
Hobart Town

Victoria—Melbourne
Port Phillip .. ..

West Australia—
Albany
York

POLYNESIA.
Society Islands—

Tahiti, Papiete

years.

6
15

6

3

2

3
12

6

2

3

2

2

2

12

6
11

ins.

23
12

55-3
126-0

16 5 126-9

16 5

18 3

17 58

285-8
97-0

i
83-0

19 43 127-9

19

10 40

106-7

!

62-9

18 17 |

60-6

18 27 N 65-1

22 54 S 58-7

3 OS 276-0
4 56N138-3

6 50

6

7 22

5 29
4 36

10 27

j

87-9

229-2

I

54-1
' 90-0
43-8
7-5

12 15N 26-6

33 24 S
35 32
32 57
31 29
33 52

36 50
43 45
41 18
39 3

41 17

34-55

42 54

37 49
38 30

35
31 55 S

17 32 S

22 7

13 S

55 3

70 8

46 2

31 •2

31 7

38 4

52 7

37 S

19 2

20 3

30 9

29 2

32 1

25 4

45 7

Springs.—Everyone is familiar with the fact that certain porous soils, such as loose sand and
gravel, absorb water with rapidity, and that the ground composed of them soon dries up after heavy
showers. If a well be sunk in such soils, we often penetrate to considerable depths before we meet
with water; but this is usually found on our approaching some lower part of the porous formation

where it rests on an impervious bed ; for here the water, unable to make its way downwards in a
direct line, accumulates as in a reservoir, and is ready to ooze out into any opening which may be
made, in the same manner as we see the salt water filtrate into and till any hollow which we dig in

the sands of the shore at low tide. A spring, then, is the lowest point or lip of an underground
reservoir of water in the stratification. A well, therefore, sunk in such strata will most probably
furnish, besides the volume of the spring, an additional supply of water.

The transmission of water through a porous medium being so rapid, we may easily understand
9 i
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why springs are thrown out on the side ofa hill, where the upper set of strata consist of chalk, sand,

or other permeable substances, while the subjacent are composed of clay or other retentive soils. The
only difficulty, indeed, is to explain why the water does not ooze out everywhere along the line of

junction of the two formations, so as to form one continuous land-soak, instead of a few springs only,

and these oftentimes far distant from each other. The principal cause of such a concentration of

the waters at a few points is, first, the existence of inequalities in the upper surface of the imper-
meable stratum, which lead the,water, as valleys do on the external surface of a country, into certain

low levels and channels, and, secondly, the frequency of rents and fissures, which act as natural
drains. That the generality of springs owe their supply to the atmosphere is evident from this, that

they vary in the different seasons of the year, becoming languid or entirely ceasing to flow after long
droughts, and being again replenished after a continuance of rain. Many of them are probably
indebted for the constancy and uniformity of their volume to the great extent of the subterranean
reservoirs with which they communicate, and the time required for these to empty themselves by
percolation. Such a gradual and regulated discharge is exhibited, though in a less perfect degree,

in all great lakes, for these are not sensibly affected in their levels by a sudden shower, but are only
slightly raised, and their channels of efflux, instead of being swollen suddenly like the bed of a
torrent, carry off the surplus water gradually.

Among the causes of the failure of Artesian wells, we may mention those numerous rents and
faults which abound in some rocks, and the deep ravines and valleys by which many countries are

traversed ; for, when these natural lines of drainage exist, there remains a small quantity only of

water to escape by artificial issues. We are also liable to be baffled by the great thickness either

of porous or impervious strata, or by the dip of the beds, which may carry off the waters from
adjoining high lands to some trough in an opposite' direction,—as when the borings are made at

the foot of an escarpment where the strata incline inwards, or in a direction opposite to the face

of the cliffs.

The mere distance of hills or mountains need not discourage us from making trials ; for the waters
which fall on these higher lands readily penetrate to great depths through highly-inclined or vertical

strata, or through the fissures of shattered rocks ; and after flowing for a great distance, must often

reascend and be brought up again by other fissures, so as to approach the surface in the lower
country. Here they may be concealed beneath a covering of undisturbed horizontal beds, which it

may be necessary to pierce in order to reach them. It should be remembered that the course of

waters flowing under ground bears but a remote resemblance to that of rivers on the surface, there

being, in the one case, a constant descent from a higher to a lower level from the source of the
stream to the sea ; whereas, in the other, the water may at one time sink far below the level of the
ocean, and afterwards rise again high above it.

Store Reservoirs.—The purpose of a store reservoir is to contain a sufficient quantity of the excess

of rainfall in wet seasons, to allow the supply to be kept up uninterruptedly throughout the year.

Thus the capacity of such a reservoir will be determined by the available annual rainfall, and the
annual service demand. On both these questions much difference of opinion exists, and conse-

quently we find no uniformity in the practice of engineers. Even in cases where the same bases
have been adopted in calculating the available rainfall and the average daily consumption, there

is a want of uniformity in estimating the storage room required. We learn from Beardmore's
Hydraulic Tables that the capacity of existing store reservoirs varies from one-third to one-half the

available annual rainfall, and that the quantity stored varies from 120 to 180 days' supply. The
longest drought observed in England lasted 105 days, and as such a drought is never likely to

be exceeded in duration, it would seem that 120 days' supply would in every case be amply sufficient.

But in calculating contingencies, it must be borne in mind that the drought may begin when the

reservoir is half empty. Moreover, the loss of water by evaporation in hot, dry weather is very
great, a fact that is usually underestimated. Instances have occurred where a storage of 150 days'

supply has proved insufficient. But on the other hand, it should not be forgotten that during a
season of drought the supply to the reservoir does not cease altogether ; at least, such is not the case

until the drought has lasted for a considerable time. If this fact be estimated at its true value, it

will be found that, provided there be no extraordinary circumstances to take into account, 120 days'

demand will be sufficient. Except at the end of a prolonged dry season, there is, even in the driest

weather, a flow of about one-fourth of a cubic foot a second from every 1000 acres of the watershed
and this gives a supply of 130,000 gallons in the twenty-four hours. In the cases alluded to in which
a larger storage was found to be insufficient, the demand was probably under-estimated.

In calculating the capacity of a reservoir, there must always be a certain space left below the

lowest working level that is not available for storage. The use of this space, or bottom as it is

termed, is to collect the sediment from the water. No rule for the volume of the bottom can be
deduced from existing examples, for here again we find a total want of uniformity. Some engineers

give a depth equal to one-sixth of the total depth of the water at the deepest part of the reservoir ;

but it is difficult to discover on what basis such a calculation rests. The object being to allow

a depth of still water above the bottom for the purpose of preventing sediment from being drawn off,

this end would probably be best attained by allowing such a depth that at the lowest working level

no portion of the bed at a distance of 3 ft. from the water's edge shall be less than 6 in. from the

surface.

When the capacity of the reservoir has been determined, its dimensions will depend mainly on
the character of the site. Depth is essential to the purity of the water, for in shallow water the

growth of plants is very rapid. Moreover, as evaporation depends upon the extent of surface

exposed, the loss from this cause will be less as the depth is increased. For these reasons, a
reservoir should always possess considerable depth.

In selecting the site of a reservoir, the chief things to be considered are the elevation, and the
configuration of the ground. The elevation must be such that from the lowest water-level there
shall be a sufficient fall to provide for the highest point to be supplied and the highest point over
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which the water has to be conveyed, and that above the top water-level there shall be a gathering

ground of sufficient extent to furnish the requisite quantity of water. The configuration of the

ground is a matter of great importance. The site which in this respect is the most suitable for a

reservoir is a valley, across the outlet of which an embankment may be thrown, for in such a case

only one side is artificial. It is not often, however, that these favourable conditions are to be met
with. Very little guidance can be given in this matter; it must be left to the skill and judgment
of the engineer to make thè best use of the natural features with which he has to deal. When the

site and the dimensions have been fixed upon, a plan should be prepared with a sufficient number
of contour lines to allow the.capacity of the reservoir to be calculated for every foot in depth ; for

when this is known, a vertical scale fixed in it will at once show the actual contents at any moment.
Another important matter connected with the choice of a site is the nature of the soil. It is obvious

that unless the stratum forming the bottom and sides of the reservoir be an impervious one, it will

not retain the water. Very frequently the stratum forming the surface is permeable, and in such
a case it is necessary to make borings to ascertain where an impervious one is to be met with,

because at whatever depth this may be situate, the embankment must be carried down to it. It is

also requisite to make several borings within the limits of the reservoir, in order to discover any
permeable strata that may crop out ; for such strata would convey away the water if proper precau-

tions were not taken to prevent it. The engineer should also ascertain where fitting materials may
be obtained for the embankment, and especially the puddle-walls.

The selection of the site of the embankment is a matter of the greatest importance, and one
that tests the knowledge and ability of the engineer more perhaps than any other connected with
reservoir construction. A bad selection may^ entail enormous labour and expense, and even then
lead to failure. Instances might be cited in which the work has been abandoned after a great

outlay had been incurred. Too much attention cannot be devoted to an examination of the site

previous to commencing operations, and every information bearing directly or indirectly upon the

question should be diligently sought after. The figure of the ground must be determined with
accuracy by making, not only a longitudinal section along the centre line of the proposed embank-
ment, but several cross-sections taken at suitable points. The former will be a cross-section of the

valley, and will show the nature, form, and position of the impervious stratum, which must be
unbroken from one side of the valley to the other, and must rise on both sides above the top water-

level. To enable these sections to be made, it will be necessary to sink numerous trial shafts, both
along the line of the embankment and on each side of it. In no case should these practical tests be
omitted, for the appearance of the ground at the surface is very deceptive, and if only one or two
borings are made a fault may be missed. Unless the nature of the ground be accurately determined
by these means, no reliable estimate of the cost can be made. It is very important that the sinking
of the trial shafts should not be suspended as soon as water-tight material is met with, for the
stratum may be of insufficient thickness or broken by fissures and faults, in which cases the
permeable strata beneath will carry off the water. When such a case occurs, the sinking must
be carried on till another and more satisfactory stratum is reached. Also if the outcrop of a
permeable stratum has been discovered in the bed of the reservoir, it must be clearly ascertained that

the sinking for the foundation of the puddle-wall of the embankment has been carried through such
stratum, as otherwise the water would be carried off by it beneath the embankment. In some
localities, where the pitch of the strata is high, this latter condition might require the puddle-ditch

to be carried down to a very great depth; and in such a case it might be more practicable to

remove the permeable material at the outcrop for a few feet in depth, and to fill the excavation with
puddle.

The best material for the foundation of a reservoir embankment is clay, and the next compact
rock free from fissures. In preparing the foundation, all porous materials, such as sand, gravel,

and fissured rock, should be carefully removed, as well as all materials that are not sufficiently

strong to carry the weight of the embankment. Before the excavation for the puddle-trench is

begun, the thickness of the puddle-wall at the surface of the ground must be determined. As the
pressure of the water at the foot of the wall increases with the depth, it is usual to make the thick-

ness depend upon the height. But as it is unnecessary to make this thickness proportionate to the
pressure, we find a want of uniformity in the practice of engineers. A batter of 1 in 8 or 1 in 12 on
both sides of the wall is the rate of increase commonly adopted ; but the thickness of the wall at

the top of the embankment varies in existing examples from 3 to 10 ft. It is certain that a puddle-
wall 3 ft. thick at the top, and having a batter of 1 in 12, is sufficient to prevent filtration of the
water so long as the wall remains in a sound condition ; but in so thin a wall there is danger of

cracks and fissures being caused by unequal settlement. The extreme thickness of 10 ft. is

evidently greatly in excess. A good rule would be to make the top thickness 5 or 6 ft., according
to the quality of the puddle, and in every case to give a batter on both sides of 1 in 12. When the
thickness of the wall at the surface of the ground has been determined, the puddle-trench may be
commenced. Here the usual practice is to make the trench diminish in width downwards, in the

same proportion as the puddle-wall diminishes above the surface upwards. There is, however, nò
sufficient reason for this decrease in thickness below the surface ; on the contrary, as the ground on
the up-stream side is completely saturated with water, the pressure on the puddle increases with the
depth of the trench, and theoretically therefore the thickness of the wall should increase to the
bottom of the trench. But such a design would lead to great practical difficulties, for the ground
would not stand if undermined for the trench in that way, however strong the timbering might be.

A similar objection lies against the common practice of making the width of the trench diminish
in depth. It is difficult to dress the sides of a deep trench to a steep batter, and still more difficult

to timber it effectively. And if we take into account the extra labour involved in working in the
narrow space towards the bottom of the trench, we must conclude that the plan of sinking the
trench with perpendicular sides, and thus keeping the puddle of the same thickness from the surface
of the ground to the bottom of the trench, is the most economical that can be adopted.

9 I 2
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Care must be taken to prevent injury from springs rising under the base of the embankment.
Fissures through which water issues may be calked with oakum, or, if large, plugged with wooden
or iron plugs. If water rises from the bottom of the trench, it will be necessary to sink below it.

When the rock is very wet, strong concrete should be used to fill up the bottom portion of the trench.

The puddle used should consist of strong, tough clay, soft, miry clay being quite unsuitable.
Great care should be taken that it make a perfectly water-tight joint with the bottom of the trench.
To ensure this when the foundation is solid rock, the latter is commonly cut into grooves or steps

running parallel with the centre line of the embankment. When the trench has been filled up to

the surface of the ground, the embankment may be commenced. The construction of these
embankments has been fully described in our article on Kivers, to which we refer our readers. It

is necessary to remark, however, that when a puddle-wall is used, it should be supported on both
sides by a wall of the same thickness of strong and carefully-selected materials. All soft material
should be removed from the site of the embankment, and if the site be on sidelong ground, it

should be carefully benched and levelled. The water slope is usually 1 to 3, and is protected by
stone pitching in the way described in the article referred to above. Sometimes a wall of
masonry is used instead of an embankment. Such walls have been described under Dams and
Retaining Walls.

Previous to the failure of the Dale Dyke at Sheffield in 1864, the outlet was generally by a
culvert under the embankment. This culvert contained a pipe or pipes which passed through a
water-tight stopping in the culvert, and it was of sufficient dimensions to admit of the access of

workmen. The down-stream end of the culvert was open, and often provided with wing-walls,

which sustained the thrust of part of the outer slope of the embankment ; the up-stream end was
usually closed with water-tight masonry, through which the lowest or scouring outlet-pipe passed.

In numerous instances a tower was built on the inner end of the culvert, near the foot of the water-

slope, to contain outlet-pipes for drawing water from different levels, with valves and mechanism
for opening and shutting them. These valves were usually only short pipes extending through
the walls of the tower, and furnished with sluices. When so situate, the tower is reached from the
top of the embankment by a light foot-bridge. Sometimes the tower was imbedded in the embank-
ment, and was then called a valve-pit. If the reservoir was for a town water-supply, the culvert

contained two outlet-pipes, one at the lowest working level, and the other on a level with the
bottom of the reservoir. The latter pipe is intended for scouring purposes only. This outlet by
culvert is to he found in many of the existing reservoirs. It is, however, open to the grave
objection of weakening the embankment. It is usually placed at the point where the height of

the bank is greatest, and as it crosses the puddle-trench, which is filled in with a soft, yielding

material, that sinks away from it in time from settlement, it is liable to fracture. Even when an
arch is thrown over the trench to give support to the culvert, the puddle is weakened by being
pierced, and the settlement of the whole embankment is seriously interfered with.

Since the accident above referred to, the culvert has been abandoned in favour of a tunnel
driven round one end of the em-
bankment through solid ground, 7299. 7300.

or even beneath the bank. When
the tunnel passes round the end,
a valve-shaft is constructed in a
line with the puddle-trench from
the tunnel to the surface of the
ground. The tunnel at the bottom
of the shaft is in some cases filled

up with a plug or stopping of
water-tight masonry, the chamber
at the junction of the tunnel and
the shaft being made somewhat
larger than the rest of the tunnel
to allow the plugging to be well

:

^¡5fiE¿f?

keyed into the sides. The outlet-

pipes and valves are inserted in

this stopping. There are two out-

let-pipes, as in the culvert, and it

has been recommended that each
should beprovided with two valves,

one of which should consist of a
pipe extending to the top of the
shaft, and furnished with grooves 2==^^=^
capable of receiving an ordinary
sluice or paddle. This paddle
could thus be lowered into the
outlet-pipe in front of the other
valve, which might be of the ordi-

nary spindle kind, and in the event
of an accident to the latter, the
paddle could be lowered, and the
valve taken out and repaired, the
supply in the meantime being
continued through the other pipe. The portion of the tunnel between the valves and the reservoir

should be lined with brick to prevent detached pieces of rock from dropping and being carried to

the valves.
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One of the inlet-sluices used at the Glasgow Water-works is shown in Figs. 7299 to 7301. The
water is first admitted from the lock into a basin 55 ft. long by 40 ft. wide inside, through three

cast-iron sluices each 4 ft. square. Across the middle of the basin is fixed a line of strainers, to

keep fUh and floating objects from passing into the aqueduct from the lock. The cast-iron sluice-

plate F is faced with brass and works against brass faces on the cast-iron frame G, which is securely

let into the masonry and is furnished with guides to keep the sluice F in its place. The sluice is

raised and lowered by means of the iron screw H working in a brass nut, the screw being turned
by a crank and bevel-wheels at top.

The overflow or waste weir is essential to the safety of every reservoir. It is a weir at such a

level and of such a length as to be capable of discharging from the reservoir the greatest flood

discharge of the streams which flow into it. Knowing this discharge, and allowing a maximum
depth of say 6 in. over the weir, the length of the latter may be easily calculated. The weir should
be built of ashlar or square hammer-dressed masonry. Instead of a weir, what is known as a
waste pit is in some cases used ; this is a tower rising through or near the embankment to the top
water-level, into which the waste water falls, and is carried away by a culvert at the bottom. But
as such a tower can seldom have a sufficient extent of overfall, the safety it affords is questionable.

The water that flows over the waste weir is conducted away to the natural water-course by a
by-wash or channel. This by-wash may be much narrower than the weir, as the water may flow

through it with an increased depth. In all cases the by-wash should be cut round the end of the
embankment, and not brought over the embankment itself. Sometimes it is cut to take the flood

waters without allowing them to pass into the reservoir, and this plan is preferable for several

reasons. Usually the waste weir is segmental in form, and a fall of 1 or 2 ft. is allowed on
the down-stream side. To prevent too great a velocity in the channel by which the water is con-

veyed to the natural course, the channel should be carried along level for some distance from the
reservoir. Some engineers break the floor occasionally by steps. When steps are used, the fall

should not be more than 9 in., and the tread of the step should be equal to at least twice the
fall. Near the reservoir, a layer of concrete should be placed under the bottom of the by-wash.
Further information on these matters will be found under the head of Weirs, in the article on
Eivers.

The following Table, by N. Beardmore, furnishes reliable data for estimating the storage room
required ;

—

Water Supply and Drainage Areas

Required for various Amounts of Population, at different Rates of Supply, with a Guide to the

Cubic Contents of Reservoirs, where that method of Supply is adopted.

Discharge Required. Number of Populat ion.
Gathering G round

Required.
Reservoir
Required.

Cubic Feet Gallons At 30 Gallons At 40 Gallons At 50 Gallons

With Stream
delivering

With 12 in. of

Rain a year,

or 53 cub. ft.

a minute to

each sq. mile.

Holding
Water for

4 Months, at

53 cub. ft.

a minute.

a minute. a day. a Head a day. a Head a day. a Head a day. 8 cub. ft. to

each sq. mile.

cub. ft. millions. No. No. No. sq. miles. sq. miles.
cub. ft.

millions.

27-8 •25 8,333 6,250 5,000 3-48 •52 4-88
55-7 •50 16,666 12,500 10,600 6-96 1-05 - 9-76

83 5 •75 25,000 18,750 15,000 16-44 1-57 14-65

111-4 1-00 33,333 25,000 20,000 13-93 2-10 19-53

139-2 1-25 41,666 31,250 25,000 17-41 2-63 24-42

167-1 1-50 50,000 37,500 30,000 20-89 315 29-30

1950 1-75 58,333 43,750 35,000 24-37 3-68 34-18
222-8 2-00 66,666 50,000 40,000 27-85 .4 21 39-07

250-7 2-25 75,000 56,250 45,000 31-33 4-73 43-95

278-5 2-50 83,333 62,500 50,000 34-82 5-26 48-84

334-3 3-00 100,000 75,000 60,000 41-78 6-31 58-60

390 3-50 116,666 87,500 70,000 48-75 7-36 68-37

445-7 4-00 133,333 100,000 80,000 55-71 8-41 7S-14

5571 500 166,666 125,000 100,000 69-64 10-52 97-68
668-6 6-00 200,000 150,000 120,000 83-57 12-62 117-21

780-0 7-00 233, 333 175,000 140,000 97-50 14-74 136-75

891-4 8-00 2GG,G(Ì6 200,000 160,000 111-43 16-82 156-28

1,002-8 9-00 300,000 225,000 180,000 123-11 18*92 175-82

1,114-3 10-00 333,333 250,000 200,000 139-29 21-02 105-36

2,228-6 20 00 666,666 500,000 400,000 278-58 42-05 390-72

3,3430 30*00 1,000,000 750,000 600,000 417-87 6307 586-08
4,457-3 40-00 1,333,333 1,000,000 800,000 557-16 SI -10 7S1-44

5,571-6 50-00 1,066,066 1,250,000 1,000,000 cdo- i:> 105-1:5 970 -SO

6,686*0 60-00 2,000,000 1,500,000 1,200,000 8:55-74 126- 15 1,171-16

7,800-3 70-00 2,333,333 1,750,000 1,400,000 975-04 117- IS 1,367-52

8,914-6 80-00 2,666,666 2,000,000 1,600,000 1,114-33 168-21 1,562-88

10,029-0 90-00 3,000,000 2,250,000 1,800,000 1, 253-i¡2 189-23 1,758-24

11,143 3 100-00 3,333,333 2,500,000 2,000,000 1,392-91 210-25 1,953-60
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Of the Inclination and Section to be given to Feeders and Conduits.—When a certain quantity of

water has to be conveyed by means of feeders and conduits, the first question that presents itself is,

the determination of the declivity and the dimensions of the wetted section. With respect to the
declivity to be given to the work, it frequently happens that local circumstances allow it to be
varied within certain limits ; and in that case, the engineer must decide what is best suited to the
existing conditions. Some writers maintain that the velocity of the water in a feeder should never
be less than 1 ft. a second to preserve its wholesomeness. But though we do not deny that in

this respect a considerable velocity is an advantage, we think it would be unwise to make great

sacrifices to obtain it. A stream having a velocity of only 9 in. a second would travel twelve
miles a day ; and if the feeder were of that length, or even twice or three times that length,

the passage of the water in the stream would correspond to a storage of one, two, or three days in

the reservoir ; and as it is kept completely stagnant in reservoirs a much longer time than that, we
fail to see how it could become corrupted in so short a space of time. From this point of view, a
much lower velocity than 1 ft. a second may be allowed, especially in conduits of masonry. Rankine,
however, places the limits to the velocity at 4 ft. and 1 ft. a second, because above 4 ft. small

stones will be carried along; and below 1 ft., the conduit will silt up. It may be mentioned
here that the Aqueduc de Ceinture at Paris, which distributes the water of the Ourcq, has a perfectly

level bed, the water flowing in it in virtue of the declivity established at its surface. The most substan-

tial advantage of the declivity is to reduce the section of the water-channel, and consequently the

expense. But this advantage is very small for slight variations of declivity. Thus, for an increase

of declivity of £$, the section is diminished by only T^; and for certain forms of section this

diminution would not lessen the expense at all. It may be added, too, that when the water brought
by a conduit has to be distributed by means of force mains, the diameter of the mains must be
increased in proportion to the insufficiency of the head ; and thus the saving effected by increasing

the declivity of the conduits may be lost in the increased expense of the mains. As the course of a
water-channel must depend in a great measure on the natural features of the ground, the question

of the declivity cannot be submitted to algebraical laws. It is an eminently complex question, like

that of the gradients of a road, or of railways. The engineer cannot, any more than he can in these

cases, confine himself to limits of declivity, or to a uniform declivity. Throughout the course of the

channel, the declivity and the section must vary with the inequalities of the ground ; but, of course,

as every variation of these quantities is in itself an objectionable feature, there must be a sufficient

reason for making it. It must be kept in view that the problem to be solved is, how to convey a
given quantity of water from one point to another with the least possible expense. And the
solution of this problem will depend in a great measure upon local circumstances.

Artificial water-channels are of two kinds, those the sides of which are of earth, and those

which are constructed of masonry ; the latter are more usually called conduits or aqueducts.

Artificial Water-channels without Masonry.—Water-channels without masonry are only suited for

conveying large quantities of water. It is indispensable that they should have a sufficiently

large section, to avoid any interruption of the flow by accumulations of aquatic vegetation,

deposits, or accidental slips in the banks. They require frequent cleansing; and a certain

amount of water is lost by evaporation and filtration. It is also requisite to retain a path along
their banks to enable them to be kept in a proper state. The water is liable, too, to get heated
by the rays of the sun when its volume is small. But if a large quantity *of water has to be
conveyed, these disadvantages sink into insignificance, compared with the economy of this system
of construction. When, however, local circumstances and the wants to be supplied demand only
a very small section, it will be in nearly all cases best to have recourse to a channel of masonry, or

even to an underground conduit, which will effectually protect the water from the accidents to

which we have alluded. We do not exclude unbricked water-channels from a project of water-

supply ; but they should be used only for large quantities of water. It must be remembered, too,

that when the channel is in a deep cutting, the sides have a large extent of surface ; and this, in

some soils, entails considerable expense.

Water-channels of this nature are more particularly connected with navigable works, of which
they are nearly always an essential accessory. We may here caution the engineer against the method
of calculating the loss of water by filtration by the square yard of surface, as is done in the case

of navigable canals. This method, which we believe false in principle, does not lead to any sensible

error when canals are compared with each other ; because these canals have in general sensibly

equal wetted sections and water surfaces ; but it might lead to grave miscalculations if applied to

water-courses of small dimensions, such as those suitable for a town water-supply. The permeability

of the soil will have a much greater influence than the dimensions of the water surface. The loss

by filtration in canals ought not, therefore, to be considered proportional to their breadth. Hence
it follows that, for narrow water-channels, the loss will be relatively much greater ; and as the

cost of puddling or walling is evidently proportional to the breadth, there will be more inducement
in the case of the narrow channel to undertake these works.

Stone or Brick Conduits.—Many works have been written on the stability of structures in stone ;

arches of various forms, with their abutments and piers, have been submitted to calculation ; and
sufficiently accurate rules have been laid down to serve as guides in these matters to engineers. But
the case of these structures being at a greater or less depth beneath the surface of the ground has
been almost wholly neglected. The stability of retaining walls is only a particular case of the
thrust of earth. The numerous underground ways which the construction of canals and railways

necessitates at the present day öfter an application at least as important of this theory. It would be
beyond the scope of this article, however, to supply this want ; we shall therefore consider merely the

question of conduits, which, from their nature, are of small dimensions.

These conduits always consist of a bed and two side walls, covered with flagstones when narrow,
and with an arch when of a certain breadth. If we suppose such a structure as this erected on the
surface of the ground, all its parts must have certain dimensions, in order that they may not give
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way either inwards or outwards. These dimensions would still be given to the parts, if the arch,

instead of being above ground, were in the middle of an artificial embankment, because the earth of

which such an embankment is composed is liable to slip away sufficiently to let the arch down
between the walls. It is for this reason that in making m ids or railways the same dimensions
are given to the arches and abutments of the small bridges situate in an embankment as if these

structures were situate above ground. The saving that might be effected by utilizing the thrust of

the earth is here not taken into account. This saving would, moreover, be small, as the works them-
selves are of small extent. But when sewers and conduits several miles in length have to bo
constructed, the importance of giving to the masonry only that thickness which is strictly necessary,

and of choosing a suitable form of seel ion, will be seen at once.

In general, in every piece, of tunnelling there is a minimum necessary free space. In the case
of a railway or a canal, there must be room enough for two trains or two barges to pass each other
in a certain position with respect to the axis ; in the case of a sewer or a conduit, we have a wetted
section with sufficient space for the passage* of a man, either upright or in a stooping posture, either

dry-footed or in the water. In other words, we have a polygon of a given kind and size to be enve-
loped in an intrados curve, subject to no other condition than that of giving the minimum cost of

construction. Sometimes the polygon is not so fully determined as in the cases just cited. In a
sewer, for example, where the flow requires a sectional area of 3 sq. yds., and the work of cleansing
and repairing a minimum height of 2 yds., it is evident that this double condition may be satisfied

by rectangles of very different heights and breadths. It is therefore requisite to know which are,

in general, the most economical forms.

The cost of constructing a subterranean passage consists of two parts, that of the masonry, and
that of the excavation necessary to obtain this masonry. We will consider each of these separately.

A tunnel cannot give way outwards. We are not speaking of the exceptional case of loose earth, or

earth liable to be loosened by the action of water; these are rare circumstances, demanding special

precautions. But generally the soil met with is stable, and only slightly compressible, so that the
surface of the extrados of the tunnel is subject throughout to a variable pressure perpendicular to

its surface. If the walls of the tunnel are in equilibrio, by reason of the dimensions given to the
several parts of the extrados, it is clear that its outer surface will be subject to no other pressure than
that which was exerted upon the mass of earth which previously occupied the same space, for, on
account of the hollow of the tunnel, its weight will be sensibly equal to that of that mass, and a
giving way can only occur inwards. Suppose, now, the perimeter of the tunnel to have such a thick-

ness that its outward thrust is exactly equal to the outer pressure of the earth ; in this case equi-

librium will be established, though the structure, considered alone, is not in such a condition. But
it will be readily seen that this equality of action and reaction is necessarily produced, unless the
earth is very compressible and the radii of curvature of the intrados very large.

Let us consider one of the most unfavourable cases, namely, that of a tunnel composed of two
walls, a segmental arch with a very long radius, and a rectilinear floor, Fig. 7302. This mode of

construction evidently brings a very considerable thrust against the top of

the walls. If the tunnel be cut through rock, the stone N, which consti- ' 302,
,..„

tutes an abutment, will not be forced back sufficiently far to let the arch
down before finding a reaction equal to the thrust Q ; but if the ground
were of a more yielding nature, it would very likely happen that the
springings would not meet, as they were being thrust back, with a sufficient Q\"'f
reaction from the earth in time to prevent the straightened arch from
slipping down between the walls. We may add, too, that this accident

would be in nearly all cases caused by the displacement of the soil rather

than by its compression. The soil, pressed back by the thrust on the

springings, will give rise to pressures above and below ; the latter will

press the walls inwards, and give them a convex form inside. But virgin

soils are only in a very small degree compressible, and the settling down
of structures is due more to the displacing of the soil upon which they are

erected than to its compression. There are therefore two means of preventing the fall of the arch,

to buttress the walls, and to give a greater rise to the arch. It is evident that we shall then neces-

sarily find equilibrium without increasing the thickness of the masonry. By means of a greater

rise we shall dimmish the horizontal thrust, and at the same time extend the limit which the joint

of rupture may reach without causing the fall or deformation of the arch. By buttressing the walls,

we shall prevent the springings from being forced apart.

Hence it follows that by giving the inner section of a tunnel a concave form throughout its

perimeter, the condition of equilibrium may always be attained with very thin masonry. In order

to submit these forms to a vigorous calculation, it would be necessary to know the pressures exerted

upon the surface of a solid buried in the earth. But this is a very complicated problem, and one
that could be solved only by means of a great number of hypotheses on the friction and cohesion of

soils, and the elasticity of the body compressed ; that is, data which have not yet their expression

in figures, and which consequently are of little practical interest. We shall merely remark that

the pressure upon the extrados of a tunnel depends but little on its depth beneath the surfaee ; a
careful consideration will show that the upper soil tending to slide upon the slopes of greatest

thrust, C D and C D', Fig. 7303, supports itself upon the vertical plane A B passing through the
axis of the tunnel, so that the portion B C may, even for a certain height, varying with the degree
of cohesion of the soil, stand without support. It may therefore be admitted generally that the
pressure due to the thrust is very little; the truth of this is evinced by the natural caverns found
in mountains, and in those which are often dug, without support of any kind, in soils having a

certain consistency. We are speaking now of the natural thrust which would exist if the extrados
of the tunnel were in inflexible monolith. But if the masonry thrusts outwards, it is evident that

the soil will press inwards with equal energy, a reaction that must be the result of a certain oom-
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pression. Now, if the soil is perfectly sustained, a sensible alteration in the form of the masonry-
can never result from this compression. We may remark, however, that when the tunnel is con-
structed in a trench or cutting which is

afterwards filled in, the soil resting upon
the arch not having much cohesion with
the sides of the cutting, there must be a
greater pressure upon the top than when
the arch is built underground. But this

vertical pressure only serves to tighten
the joints in the arch, and to increase
the stability of the side walls.

From these considerations we deduce
this consequence, namely, that subter-

ranean structures ought to be constructed
according to other principles than those
of ordinary structures of masonry ; that
by taking advantage of the reaction of
the soil against any outward thrust, by
choosing rational forms, and by varying
suitably the radius of curvature of the intrados curve, we may considerably reduce the thickness of

the masonry in works of this nature. They ought to be pipes of a nearly constant thickness in the
perimeter of the section, which thickness should vary only with the diameter, that is, within certain

limits of section, as the cost of masonry is sensibly proportional to the perimeter of the curve of the
intrados. The cost of excavation does not follow exactly the same law ; but as in ordinary cases it

is only a small fraction of the total cost, we may, as an approximation, generalize the principles^

especially when we are drawing only general conclusions.

When, therefore, a determined section is required, a slightly elliptical form is to be chosen. An
exaggeration of the height would cause extra expense, except in the case of a very deep trench.

Of Different Kinds of Culverts.—Culverts may be divided into three classes, according to their

dimensions ; those which furnish a passage for the water only, those which are sufficiently high to

allow a man to walk up them, and those which are provided with pipes for the conveyance of the water,
so that a man may pass through dry-footed. We shall briefly consider each of these systems, and
the circumstances that may render one or the other of them preferable in a given case.

Culverts having dimensions sufficient only to afford a passage for the water are evidently the
cheapest. If a wetted section of 12 in. by 6 in. or 8 in. is sufficient for the discharge, if the nature
of the water is such that no cleansing is required either in consequence of impurities or calcareous
deposits, and if the course is not situate in a deep cutting, this system will offer the greatest

advantages. In case of accident, by means of man-holes situate at certain intervals, the locality of

an injury may be proved to be between two of them ; then by digging midway between them, and
again midway between this point and the man-hole, the exact locality may be discovered. But
small leakages at several points might take a long time to discover, and would entail great expense.
A coating of cement has peeled off and blocked up the passage ; small cracks, which singly are

unimportant, but which, being repeated throughout a long distance, are collectively the cause of a
great loss of water, such things may occasion a long search and a heavy outlay for repairs. These
culverts, however, appear very suitable for the conveyance of small quantities of water.

We stated above that the pressure at each point of the perimeter is unknown, but it is easy to

see that it must be greater in the vertical than in the horizontal direction. The curve of equili-

brium must therefore affect the form of an ellipse, greatly elongated or approaching the form of a
circle, according as the soil possesses greater or less cohesion.

These little culverts may be constructed of stone, beton, or cement ; or stoneware pipes may
be substituted for them. The choice between these several modes depends on circumstances
and local resources. The thickness to be given to the walls is so little as to elude calculation. In
8uch small sections, a giving way inwards can hardly occur ; the only accident to be feared is a
sinking of the soil,— occasioned, not by the weight of the structure, but by nitrations escaping from
it. It would therefore be dangerous to construct these culverts upon an embankment. As to

virgin soils, it must be left to the engineer to determine on the spot what special precautions
are to be taken. We may remark, however, that, in most cases, it will be sufficient to ram the
bottom of the trench. The proportions of the wetted section may be varied to satisfy given
conditions. In many parts, materials may be found very suitable for making slabs or flagstones

to form the top, which will dispense with arching ; in such a case, the breadth will be limited to the
dimensions required to utilize these materials. If it is desirable to keep out the water of the soil

passed through, the joints of these stones must be cemented. A rounded form for the bottom of

these culverts is favourable to the velocity of the water, and facilitates cleansing when necessary.

A coating, or layer of cement, laid on thicker at the angles, has been found very suitable for giving
this form.

When, in consequence of the exigencies of levelling, a culvert has to be placed at a great depth
beneath the surface, the foregoing system loses its advantages in several ways. Suppose, for

example, that, for an ordinary trench from 3 ft. to 6 ft. deep, the cost of the small culvert is

10«. ; it will increase to 20s. or 30s. in that portion for which a deep cutting is necessary.

In such parts it is requisite not merely to deepen the trench, but to widen, and plank,

and strut it. Hence an enormous increase of cost, which will be the same for the small as

for the large culvert ; so that the relative cheapness will no longer compensate the defects

pointed out, especially as the position of the culvert will greatly aggravate them. For instance, it

will be Imost impossible to ascertain the locality of a leakage at such a depth. Therefore, in a
deep excavation, the culvert must be sufficiently large to be accessible on the inside. The question
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then is, What dimensions are strictly necessary to give this advantage ? The example of the

culvert at Dijon, Fig. 7304, constructed by the famous hydraulic engineer, Darcy, proves that

2 ft. 11| in. in height, by 1 ft. 11 J in. in breadth, is quite sufficient to allow a
man to pass up it without excessive fatigue. It must be borne in mind, that it

is not a case demanding a daily or even a monthly examination ; all that is

required is for a man now and then to pass up with a torch to examine every
part ; and by making use of the man-holes, he may rest as often as he likes. The
mean term taken by Darcy appears to us, therefore, perfectly rational. In virtue

of these dimensions, the culvert at Dijon possesses, for the security of the dis-

tribution, the same advantages as those of the largest dimensions ; its defects are

a mere matter of service, for which the public have not to suffer ; a question of

paying a small sum yearly to the man whose duty it is to pass through the
culvert occasionally in water-tight boots. To render this culvert capable of being easily traversed

by a man upright, the side walls would have had to be 3 ft. higher ; and this, from the dimensions
adopted, would have required an additional cube of brickwork, equal to 28*25 ft., and, with the
earthwork, involved an expenditure of at least 8s. a yard, say 5600/. for the whole length of nearly

7f miles. To effect such a saving as this, an occasional inconvenience will be cheerfully borne.

We must remark, however, that, had the egg-shaped section been adopted, a greater height would
have been given at the same cost, by diminishing the thickness of the side walls, Fig. 7304, which
would have greatly facilitated the passage of the inspector.

Another advantage of this kind of culvert is its capability of conveying a variable quantity of

water, whilst the small ones would be quickly destroyed if the under-pressure of the water were to

burst up the arch, or lift off the top stone-slabs. This defect is remedied by means of escape-holes

left at convenient places. Stoneware pipes, being capable of withstanding a certain pressure, are

more suitable than small culverts for the conveyance of variable quantities of water.

The essential dimension of this kind of culvert is its height ; and it is evident that by increasing

this we render access to it more easy ; the only question, therefore, is that of cost. There are

certain advantages, too, which are more or less important, according to local circumstances. In
case of repairs, the workman has but little room to use his tools, or to transport his materials.

If the water leaves a deposit, and the culvert requires cleansing occasionally, its dimensions must
be increased. In many of the old culverts there is a raised footway on one or both sides, by means
of which inspection, repairs, and cleansing may be executed without standing in the water. This
is no doubt an advantage ; but whether the additional cost is compensated by the convenience
afforded, is open to question.

Critical Examination of Two Culverts.—We will complete these general considerations by making a
critical examination of two culverts recently constructed in the interior of the city of Paris.

A glance at the section represented in Fig. 7305 shows that the engineer has wholly left out of

consideration the subterranean position of the structures, for

the brickwork has a thickness more than sufficient for equi-

librium if erected above ground. In this order of ideas, the

offsets, allowing them to be necessary to the stability of the
structure, would yet be a mistake, for by raising the side

walls vertically from the perpendicular of the last offset, the
breadth of the water-passage and footway might be increased

by 7'8 in. without diminishing in the least degree the mean
thickness of the brickwork; or if this additional breadth of

the water and footways were deemed superfluous, the offsets

might have been suppressed, and the same thickness of

brickwork retained, which would have reduced the breadth
of the trench. For we must not lose sight of the fact that an
onset, though it may be only a few inches high, necessitates

the same width of trench to surface, thus occasioning great

additional expense. We think, therefore, it may be laid

down as a principle, that a culvert built in a trench should
never have onsets.

If, now, we examine the form of the water-way, we shall

see that the breadth and depth are not in the ratio requisite

for a maximum velocity of the water. This, however, would
be a small defect if the section adopted were in the minimum
conditions of cost. But we sec at once that in consequence of the enormous thickness of the side

walls, especially on the side of the footway, there is great advantage to be gained by increasing

the breadth of the water-way and diminishing its height. The two side walls have together a
thickness of 8*53 ft., whilst that of the arch and floor is only 3*28 ft. ; consequently, by increasing

the breadth of the water-way by *328 ft., and diminishing its height by the same quantity, we gain
about 5*5 cub. ft. of brickwork, without diminishing the section. The proportion is therefore bad
in all respects. If we increase the breadth of the water-way to 7 '87 ft., reduce its mean height to

2*95 ft., and then raise above the footway a more rational prolile than the existing one. we shall

effect a saving of about 135 cub. ft. of brickwork and S,~) cub. ft. of excavation, representing a sum
of about 4/. a yard, or 16,000/. for the whole work, while retaining the raised footway and the ledge

on the inside intended to support a flooring of planks in case of repairs. The modified piotile shown
in Fig. 7305 in dotted lines gives at once much more air and room in the portion above the water,

and a sufficient breadth to allow the passage 1 of a good-sized boat, with a diminution of weight apon
the foundations and of height of water upon the floor, that is, with fewer chances of nitrations. If

we were to enter further into the examination of this culvert, and discuss the utility of the ledge
mentioned above, and that of the raised footway, which might be suppressed altogether, or replaced

7305.
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by a plank supported upon cast-iron brackets, we should arrive at still more economical forms. We
will merely add, however, that tlije culvert, being both reservoir and culvert, that is, the water in

it being alternately in motion and at rest, the section which we propose for the water-way ought to

have been deepened towards the end to counterbalance the effect of the descent. But we are con-

sidering it here only as a type of culvert designed to convey a large quantity of water.

The section of the Saint Laurent culvert,

Fig. 7306, appears to us at least as defective

as the one we have been examining ; the same
corrections are to be made. By reducing the
height of the water-way by 2 • 39 ft., giving a
curved form to the side walls, and doing away
with the offset, we should get a form as strong

as the present, more economical by one-third

of the brickwork, and of suitable dimensions
to allow the passage of a boat, or of a man in

water-tight boots, if it were considered unde-
sirable to have planks supported on brackets.

These sections therefore ought not, in our
opinion, to be taken as examples to be imitated.

We shall not pursue this critical examina-
tion further, our only object in entering upon
it at all being to show the great importance
of carefully considering the form of section to

be given to a culvert. It is not possible, as

in the case of pipes, to give typical forms which ^w \̂y^^
are always to be imitated ; the engineer must
in every case be guided by local circumstances, the material at his disposal,

and a thorough understanding of his subject. The considerations into

which we have entered are not intended to remove the necessity for a
careful study of the question, but to make that necessity more strongly felt.

Culverts to contain Pipes.—Most of the foregoing reflections are applicable

to culverts intended to receive pipes. We shall consider later the question
whether pipes should be placed in culverts at all ; and though, in our
opinion, it is not in general advisable, especially for a small water-supply,
to construct special culverts for the mains, it is none the less true that

when these culverts may at the same time serve for other purposes, it

becomes expedient to place the pipes in them. A sewer, for instance, may
be rendered suitable for this purpose by slightly increasing its width, and
this increase of width may be effected at a small cost.

Culverts may contain one or several pipes ; but, in our opinion, they
ought never to contain more than two, unless different kinds and pressures

of water have to be conveyed. Multiplying the number of pipes greatly

increases the cost, and cannot be justified from any point of view. When
a culvert is to serve at the same time as a sewer, the mains are raised upon
a brick footway in order that they may not be immersed in the sewage,
which immersion would conceal any escape, and render repairs difficult.

To make the joints more readily accessible, the pipes rest at intervals upon f$;

brick supports. Instead of a brick footway, which takes up a portion of

the section of the sewer, iron consoles are frequently employed ; these

possess the additional advantage of greatly facilitating the first placing
and subsequent repairs of the pipes. At the same cost, this system is \r.¿>4;"

certainly preferable ; it will be for the engineer to compare the cost of

each, according to the diameter of the pipes and local circumstances.

Of the Choice to be made between Conduits and Pipes.—It remains for us
now to consider the question of knowing in what cases recourse should be
had to force-mains and to free culverts, or, as they are often called, conduits.

If we consider the problem of conveying water in an abstract way, both
systems are applicable in every case. A line A B, Fig. 7307, being given,

we may adopt any form of section for a conduit having a sufficient surface

to convey the given quantity of water; the conduit or culvert will be
constructed in a trench or in a tunnel when the water-line is below ground,
and upon a wall or upon arches when above ground. As to the pipe, it

may always be substituted for the culvert by placing it below the line of

head, and giving it a section about -^ greater than that of the culvert.

Thus, mathematically, one system may in every case be substituted for the
other ; but, economically, the question is changed, and each system finds its

place according to local circumstances.

When the water-line, or line of head, is below ground, the culvert pos-

sesses over the force-pipe advantages varying with the system adopted,
and with the quantity of water conveyed. Suppose a small culvert having,
for example, a wetted section 12 in. x 6 in. ; if we wish to substitute a pipe for this it must have a
diameter of about 9f in. This will cost about 20s. the yard run, whilst the little culvert will hardly
cost 8s. If the culvert is a little larger, and its useful section doubled by making the side walls
G in. higher, the cost will be increased by not more than two or three shillings a yard, whilst the

¡r

ii

diameter of the pipe would be increased to 13f in., and the cost to about 28s The saving would
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thus be about 18s. the yard. But if for so small a quantity of water a culvert were constructed

large enough for a man to enter, this saving would vanish, and there would be an excess of expen-

diture instead, for it would be difficult to construct a culvert for less than 30s. On entering this

system the relative economy diminishes, because the wetted section is only a small fraction of the

whole. Suppose in a culvert of this kind, having a breadth of 1 • 97 ft., the depth of water to be
1 • 30 ft., the wetted section will be 2 • 5 ft., and we might substitute for this culvert a 2-ft. pipe.

Thus it will be seen that if the culvert cost 33s., the saving is only a third of the total expense.

It will be greater if we suppose a greater height of water in the culvert ; but in that case it will be

difficult to enter it while in use ; such would be a culvert of the first kind. As to culverts like that

of Arcueil, Fig. 7308, which convey only a small quantity of water, and may be passed through

dry-footed by men in the upright posture, they are much more expensive than
pipes. The difference diminishes, it is true, with the quantity of water, but

we doubt if it can ever become nothing. Thus the first of the two culverts

at Paris, which we have already critically examined, cost 30/. the yard run,

and it does not exceed in efficiency three 39-in. pipes, which would not have
cost half that sum.

The comparison we have made is incomplete in many respects, for it does

not take account of many elements that may derive great importance from
the conditions in which the engineer finds himself placed. We will remark,

in the first place, in favour of the culvert, especially that kind which is large

enough to be accessible, that it offers much more security for an uninterrupted

service. Probably to obtain the same degree of security from pipes, they would
have to be doubled, which, as we have said, greatly increases the cost, in the

ratio of 1 to 1 • 56. Also, if the water forms calcareous or other deposits, the

work of cleansing can be performed much more easily and at much less

expense. But this advantage is of small importance, for water charged with such a quantity of

carbonate of lime ought not to be used.

The considerations in favour of pipes are of another kind. "We have supposed them laid down
in the track of the conduit ; but that supposition is too unfavourable, since a force-pipe is in no wise

restricted to follow the developments of the line of head over the ground. To convey water from
Uzès to Nîmes, the Romans were obliged to construct an aqueduct 31 miles long, though the towns
are situate only 12^ miles apart. We see that a force-pipe would have been only half that length

;

hence two savings, that of length and that of diameter, resulting from the increase of declivity to the

yard. The diameter might, indeed, have been reduced in the ratio of 1 to0'87. Again, for the

reason that the conduit must of necessity follow the line of head, and all the windings of the soil,

it is often requisite to pass through valuable lands, the owners of which have to be paid compensa-
tion, whilst the force-pipe, which is subject to no other condition than that of being situate below the

line of head, may be placed in the streets, in the roads, or other public properties, where no com-
pensation is required. This liberty of choosing a course enables supplies to be given on the way,
and thus the utility of the service is increased.

The course or track of a conduit is subject to more rigorous conditions than that of roads and
railways, as it only admits of nearly insensible declivities, and never of counter declivities; if, there-

fore, it were absolutely necessary to follow the line of the soil, it would assume an excessive length.

To abridge this length, rising ground is often cut through and valleys crossed by aqueduct-bridges.

When the line of head is in a deep cutting, preference should in general be given to the culvert

rather than the pipe ; the latter would require the same trench and probably the same expense as

the culvert, but being situate so far from the surface, it might fracture or the joints give way,
without the accident being perceived, for the water not being able to reach the surface, could find

escape only in a lateral direction. And the search for defects would be so difficult and expensive

that it would be necessary probably to place the pipe in a culvert where it would be accessible at

all times. It will therefore be much more simple to put the water itself into the culvert, and so

save the cost of the pipe.

General Principles on the Choice of Conduits.—We must conclude, then, that the problem of the

economical conveyance of water is eminently complex ; and that the engineer must call to his aid,

according to local circumstances, all the various systems, each of which has its proper place, but
which cannot be determined by any precise rules ; he may, however, be guided by the following

general considerations ;

—

Canals are suited for the conveyance of large quantities of water through a level district.

The aqueduct is suited to moderate quantities when the level of the supply is reached by
tunnelling.

Pipes are best suited for the conveyance of small quantities of water from great heights.

Aqueduct-bridges are only admissible for the conveyance of largo quantities of water, and when
the supply is not obtained from a great height.

Siphons should only be constructed in order to carry the supply across a stream.

It is only by a complete and detailed study that he will be able to arrive at a knowledge of the

systems best suited to each particular case, and these will often have to be modified according to

the resources which are at his disposal.

Hitherto we have been occupied in determining the sections, inclinations, and so on, which must bo
given to a conduit in order that it may furnish a certain quantity of water ; this, as has been seen,

is always an easy question to solve by analytical formulas. But the distribution of water presents

another question much more complex and interesting ; that is, to determine the course of the

conduits which will give the result sought with the least possible outlay.

Distribution of the Pipes.—In a previous article on Pipes we entered in detail into the questions

relating to the manufacture, the quality, and the requisite diameters of iron pipes for a town
water-supply, and we described the most approved modes of laying them, pointing out at the samo
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time the influence of contour of section, or position, of the pipes with respect to the horizontal. It

would therefore be superfluous to introduce those questions into the present article. There yet
remains, however, one other question relating to the laying of pipes that we have not considered,

but which is of great importance, namely, the course of the mains, or distribution of the system of
pipes. This matter is frequently made subordinate to inferior considerations. But the engineer
who aims at economy and designs his plan intelligently will make it one of the objects most
deserving his attention. By carefully estimating the quantity of water to be delivered at a certain

point, and adapting the diameter of the pipe thereto, a considerable saving of cost may be effected.

But a much larger saving will result from a good distribution of the mains. Indeed, there is hardly
a limit to the economy that may be realized by a skilful distribution, nor to the expenditure to

which an unskilful one may lead.

Of course, it is impossible to do more than lay down general principles ; for what is applicable

to one locality is impracticable in another. The necessity of laying the mains along the streets

greatly limits the choice of relative positions, and leaves only a few routes open to the engineer.

The choice is, however, less limited than it appears to be at first sight, a fact anyone may convince
himself of by a careful study of any town map. But general principles will be of great service to

guide the engineer in making this choice; for though he will seldom or never be able to follow the
lines which theory requires, if he knows what these theoretical lines are, he will be in a position to

approximate to them in practice as closely as circumstances will allow; and in such a case, however
wide the approximation may be, he will have the satisfaction of knowing that the distribution he
has designed is the best that the nature of the locality rendered possible.

As an illustration of the degree of economy to be realized by a
due attention to the question under consideration, we will take a very

'7309 *

simple example. Suppose it be required to deliver a certain quantity \"--. &'.

of water, say 200 gallons a minute, at the point a, Fig. 7309, and to '^
j_

100 gallons a minute at the point 6, from a principal main A B. It ¿¡ rtC ¡W
is obvious that the most economical way of accomplishing this is to

lay the pipes a m, b n. But if the points to be supplied were situate

at a greater distance from the main, as a' &', it would be far more
economical to lay the secondary main p q, and to reach the given points

by branches q a', q b'. This example is almost self-evident ; but cases

will arise in practice where a careful calculation will be necessary to

determine the question. There will, of course, be other conditions to

take into account, among which the character of the ground will be
the most important.

An important fact to be borne in mind in designing a distribution

is, that the cost of conveying a determinate quantity of water, as a
cubic foot, through pipes, decreases as the total quantity increases.

Consequently there will always be an advantage in concentrating the masses of water to be
conveyed, instead of dividing them among a number of smaller mains. The cost of the pipes
through which the water is conveyed does not increase as the quantity of water, but only as the

f power of that quantity. Thus if the cost of conveying 100 gallons be A, the cost of 200 gallons

will be 25 A = 1 • 32 A, and that of 300 gallons will be 3* A = 1 • 55 A. That is, if 100 gallons can
be conveyed for 1/., three times that quantity can be conveyed for 11. lis. ; and so on in the same
proportion.

Another question demanding attention is the intersection of branches by the mains, or of

secondary by the principal mains. The position of the intersecting main should be towards that

end of the branch at which the supply is attended with the greater difficulties, either by reason of

the difference of level or of the quantity of water to be delivered. When the two ends are sensibly

on the same level, the length of the branch should be divided proportionally to the squares of the

discharge. If, for example, the delivery at one end of the branch is 100 gallons and at the other

end 200 gallons a minute, the point of intersection will be situate towards the latter end of the
branch at J its total length from it. This condition will, however, usually require modification, as

it would lead to a too circuitous route for the principal main, and so occasion additional cost in

the latter. The best theoretical course will be that which without deviating from the straight line

passes nearest to the points of intersection determined in the foregoing manner.
From the preceding general principles, we may deduce a typical distribution which shall serve

as a guide in every case that may occur in practice. In this typical case the ground is supposed to

be sensibly horizontal, of the same character throughout the district, and wholly free from obstruc-

tions. Local considerations are thus completely eliminated.

It is evident, from what we have stated above, that this district should be divided into two sym-
metrical portions by a principal main. We shall suppose the diameter of this main, as well as that

of all the others, constant ; for when we have solved the problem according to this hypothesis, it

will be a simple matter to vary the diameters in accordance with the quantities to be delivered.

Thus the question is reduced to that of distributing the water upon one side only of a main con-

sidered as an inexhaustible reservoir. Evidently the distributing pipes must be supplied from
mains perpendicular to the principal main ; what we have to determine is their positions, lengths,

and diameters. For greater simplicity and clearness, we will consider one of these mains B D,
Fig. 7310, separately. A moment's reflection will show that the limits of the area which should be
supplied from this main will be given by the lines B M, BN bisecting the right angles at B which
B D makes with the principal main ; for according as a point is situate to the right or to the left of

the bisecting line, it will be nearer the principal or the branch main. The branches from B D and
B C, as a q and up, should therefore never extend beyond the line B M, because such an extension

would involve a waste of pipe. Hence it follows that upon the line ABC there should be no other
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branch of the same importance as B D, that is, of the same diameter, until we reach a distance from
B equal to B D, or in other words, until B C = B D. The area of this new branch will be similarly
limited by the bisecting line C D, this area being C m M, as that of D B is B m D, and that of B C
is B m C. If these three isosceles rectangular triangles are so large as to make it necessary to have

7311.
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other branches, it is obvious that they should divide the bases B D, B 0, and C M into two equal
parts ; for if they do not occupy that position the cost of the secondary branches will be increased,

as we have already demonstrated. If this reasoning be continued throughout the district, we shall

obtain the typical distribution sought, which distribution is represented in Fig. 7311. In this

diagram the importance of the several lines of pipe is shown by graduating the thickness of the
lines, the thinnest lines representing the pipes that supply the smallest areas. These areas, which
are shown by dotted lines in the diagram, are squares constructed upon the pipes as diagonals, and
they increase by geometrical progression, the ratio of which is 4. Hence it may be shown, that if

the diameter of one series of pipes be d, that of the next larger series will be 1 '75 d. Also it may
be seen from the diagram that the length of one series of pipes is always double that of the
preceding series, as it has to connect all the other series.

been discussing, and which areA
illustrated

knowledge general principles which we have
m

of the
this typical distribution, will enable the to design his system in the

most economical way compatible with the conditions imposed on him by the circumstances of

a given case.

It is evidently impossible to foresee all the cases which may arise in practice, and to apply to

them the general principles which we have just explained ; but we can, at least, facilitate the
research by a few examples, showing the advantages and inconveniences of the various means
which may be adopted.

Let us suppose the water brought and raised to a certain point 0, Fig. 7312, which we will

call the point of distribution; the level of this point will, of course, rule the height of the service-

pipes. For engines forcing the water directly into the ascending pipe, this point should be con-
sidered as being situate at the height which would be given by a manometer placed upon the
pipe. The point of distribution may be situate either within the boundary of the district to be
supplied, or outside it; it will evidently be sufficient to examine the latter case, which will in its

application include the former ; as when the point of distribution is situate outside the district

to be supplied, the first thing to be done is to carry it inside by means of an aqueduct or conduit.

7312.

ST3

Let A B D E F, Figs. 7312, 7313, be a polygon enclosing all the points to be supplied, and O
a point on the outside, from which the water must descend to all these points. The water raised

by an engine may be conducted by an aqueduct, when there is situate near the engine a hill
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running in the direction of the district to be supplied. We must then make the ascending pipe dis-

charge at such a height on the summit of the hill as will a! low the aqueduct to have sufficient fall.

7313.

Determination of the Diameter of the Ascending Column.—Whether we adopt this latter arrangement,
or conduct the pipe as far as the boundary of the district, there is always a first pipe, the diameter
of which is arbitrary. In practice, whatever may be its dimensions, we can always obtain from it

the head necessary for the discharge of a given quantity of water, by means of a more powerful
engine and a larger consumption of coal. Thus, if we had to raise 3 cub. ft. of water a second
a height of 165 ft. by means of a steam-engine, and if the diameter of 16 in. gives a loss of head
of 35 ft., the problem will evidently be solved by an engine of 65 horse-power, the cost of which
can easily be calculated; and it would be the same for a pipe of any diameter, as, for instance,

3

one of 12 in. giving rise to a loss of head of 35 (ifi) 5— 41*8 ft., will require an engine of 71 horse-

power, with a corresponding consumption of coal. The question to be determined is, Will the saving
effected in the rising main compensate for the extra cost of the engine ? In a word, in every question

of this nature, the object sought is to find the diameter which will give the minimum of expenditure.
Limit of the Aqueduct at the Boundaries of the Distribution.—As we have already said, the water,

on leaving the engine, may be conducted directly to the boundary of the district to be supplied,

either by a pipe or an aqueduct. If the district is suited to the combination, the aqueduct may be
prolonged to the point where the force-main commences to present advantages. But it is evident
that the aqueduct can only be carried over the boundary-line of the district on an embankment, as

it must of necessity be above the surface which it has to supply. We shall therefore be obliged
to arrest this work at a certain point M, Fig. 7313, near to the boundary, and from there start

the force-main. The nature of the district will sometimes admit of the aqueduct being prolonged
parallel to the boundary, in such a manner that most of the service-pipes can start directly from it.

But before adopting this course we must carefully examine the expense to which it will lead. In
fact, the development M N of the aqueduct, and the length of the branch-pipes outside the
boundary, will be altogether lost for intermediate service ; and it is rarely that we cannot obtain a
more advantageous arrangement by starting directly from M with a force-main, for this pipe, dis-

tributing the water to right and left, will allow the branches to decrease in length and diameter.
Necessity and Position of Distributing Reservoirs.—It is hardly possible for a distribution of water

to be carried on without a reservoir ; for the consumption is variable, whilst the supply is

constant. The water brought by natural courses, or raised by hydraulic machinery, is constant

during the twenty-four hours; whilst the consumption in general goes on only during twelve
hours ; and during these twelve hours the consumption is not regular ; so that, even with steam-
pumping machinery, we are obliged to have a reservoir in order to prevent waste of water, the

supply of which, at certain moments, exceeds the consumption. Besides this, a reservoir allows of

the machinery being stopped for repairs, without interfering with the service. It is, then, almost
indispensable : and the only question to be decided is its situation and capacity.

If the reservoir were placed at the head of the aqueduct towards H, Fig. 7313, the dimensions
of the aqueduct should be such that it will discharge, not the product a second of the engine or

spring, but the maximum consumption a second. But this consideration would often greatly

increase the cost of the aqueduct ; and more than this, any accident or repairs among the network
of service-pipes would interrupt the service. If the reservoir were placed towards M, its position

would be better. The aqueduct, reduced to a minimum section, and consequently to a minimum
cost, may be, according to the capacity of the reservoir, closed for a greater or shorter time, without
interrupting the service; but as the pipe MXdDE from the reservoir must be of sufficient

diameter to discharge the maximum consumption, any repairs at X would stop the service.

If, on the contrary, the reservoir were placed at K, the end of the principal conduit, whatever
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accident might happen, it would only cause a suspension of the service between the nearest neighbour-
ing stop-cocks. Besides this, as the pipe M X d D E is fed from both sides during the time of the
greatest consumption, its diameter may generally be much smaller than in the preceding example.
The extreme end of the principal pipe, which traverses the boundary, is then the position which
best satisfies the conditions of a good distribution ; but several circumstances will often interfere

to cause us to prefer another situation. The cost of the reservoir, which, as we have already seen,

varies considerably, according to the nature of the surface of the district, is one of the most
important. If, for example, the level at E, sensibly below M, only allows of the construction of a
reservoir to carry on the distribution during the time that the direct service is interrupted, we
should, in that case, only erect a reservoir to take the surplus water during the time that the
consumption is at its lowest. It should be borne in mind, when making comparison between the
various systems of distribution which may be adopted in any particular case, that the principal

reservoir should be placed at a sufficient height to command all the orifices of discharge ; and that
it is advantageous to place it at the end of the main, which starts from the origin of the supply,
and traverses the boundary of the district.

Concerning the capacity of the reservoir, it cannot be too large; for the larger it is, the longer
the time during which repairs may be carried on without interrupting the service ; its capacity will

be determined by the facilities which we have for its construction, and the chances of interruption

to which the supply is liable ; and we have to determine upon a minimum. The same may also bo
said of the height and the depth : the overflow cannot be too high, nor the bottom too low. The
height will be limited, either by the level of the source or the power of the engine, and the depth
must be such that it will still be able to supply the highest orifices when the wTater has descended
nearly to the bottom.

Instead of one reservoir, we might have several. Thus, one might be placed at M, another at N,
and another at C ; in these two latter positions they would have the advantage of increasing the
power of the conduits at the ends of which they were placed. It is well in all cases to reserve to

ourselves the power of adding fresh reservoirs to the system, according as necessity shall call for

them.
The considerations which we have just been explaining apply with equal force to the case where

the water is brought from the source O by means of a force-pipe OFG. But then we shall have
to consider if it will not be better to divide this conduit into two pipes of equal diameter, so that in

case of repairs the service may not be interrupted. Bearing in mind that one of the effects of this

arrangement will be an increase of - I5 in the cost of the rising main, we shall have to determine
whether the advantages of the system will be a sufficient compensation for this increase.

Purification of Water.—For this section we are entirely indebted to the writings of Ernest
Theophron Chapman. Chapman observes that waters contaminated with animal and vegetable

matters are purified in nature by the gradual oxidation of their organic matter, aided by subsidence,

and, in some cases, by filtration through porous strata. The processes of evaporation and condensa-
tion which give rise to rain are also natural methods of purification.

Water is purified artificially by distillation, filtration, and by formation of a precipitate in the
water.

Distillation is seldom resorted to for drinking purposes. It is employed at sea, and we believe

that on the coast of Chili sea-water is regularly distilled for domestic use. It is, however, not
sufficiently used to interest us here.

Filtration is the most common method of purifying water. If a water contains solid particles

of a given magnitude, and we pass that water through a wire gauze, the meshes of which are of

smaller diameter than the particles, we shall, of course, separate the particles, and unless either the
gauze or the particles are elastic, the rate at which the operation is conducted will have no effect

on the result. But in filtration, as ordinarily conducted, speed affects the result to a very great

extent. In filtering through beds of sand, wTe may roughly say that the effect of the filtration will

be almost inversely as the speed at which the filtration is effected.

If a bottle full of slightly turbid water be laid upon its side, and allowed to stand for twenty-four

hours, and then examined, it will be found that the sediment has not only deposited itself on those
parts of the glass to which gravitation has carried it, but that, though thickest at the bottom, it has
spread itself much higher up, and in many cases is even to be found adhering to the top part of the
glass. This circumstance has doubtless much to do with filtration.

There is, however, auother consideration which will perhaps be most easily explained by an
example. "When softening water by Clark's process, we obtain a precipitate of finely-divided

carbonate of lime. If this operation be conducted iu large glass vessels, we can watch this process

of depositing the precipitate. If we do so, we shall observe that the first sign of clearing takes
place at the top, a layer of quite clear water making its appearance, and gradually extending
downwards. If we ask how this water has become clear, the only answer that can be made is, that
the precipitate has moved down to the layer of water beneath it, and thereby rendered that layer

thick, for had the precipitate not descended into it, it would, like the top layer, have become clear.

In the same way, this second layer, by its depositing, renders that beneath it turbid. If such a
vessel of water took six hours to clear, we should expect that by dividing it into six layers by
means of five diaphragms, equidistant from each other and from the top and bottom of the water,

that the water would clear in one-sixth the time, or one hour. On making the experiment, this is

found to be the case. To test this matter more fully, what may be called a Bnbsidence filter was
constructed. It consisted of a wooden box 12 in. square and 20 in. deep, containing 24 plates of

sheet zinc, f in. apart. Each plate had six holes punched in it, 1 in. in diameter. The holes

were near to the side, and had their edges turned up a little; the plates were so arranged that the

holes were not opposite each other. A small tap came from just below the lowest plate. Another
box like this, but without plates, was also constructed. Both boxes were charged with freshly-

softened water, containing chalk suspended in it. The water took about eight hours to clear in the
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box without the plates, and was quite clear in the one with the plates at the end of twenty-five
minutes. This box of plates was next used as a filter, by sending a slow stream of water charged
with suspended chalk through it. About 1 1 gallons an hour of quite clear water could be drawn off.

If the speed was increased much beyond this the water was no longer clear. To render the analogy
between this filter acting entirely by subsidence and the common sand filter quite plain, the box
without the plates had a piece of coarse wire-gauze stretched across it just above the tap. It was
then filled with slate chips, and water containing chalk in suspension, as before, filtered through it.

The action of this filter was exactly the same as that of the plate filter, except that more water
could be passed through it in an hour without turbidity. If, however, more than about 15 gallons an
hour were passed through it, the water was slightly turbid, and if the quantity was increased to 20
gallons, it was quite so. Some experiments, substituting very coarse ¡¿and for the slates, gave
analogous results.

Now, the analogy between the last experiments and the subsidence filter is clear ; and we may
safely draw the inference that a portion of the work performed by a sand filter is due to subsidence
within the filter itself, the particles of sand serving as plates. This is almost proved by the fact,

that we can force much of the matter removed by such a filter through it, by slightly increasing

the pressure of water, which would not be the case if the filter acted as a strainer.

The common process of filtration through sand is therefore an operation comprising three distinct

methods of purification :—Straining ; removal of matters by adhesion to the sand ; subsidence
within the interstices of the filter itself.

The first method will vary with the size of the apertures through which the water passes ; the

second, with the amount of surface in the filtering medium in relation to the amount of water ; the
third will vary with the speed at which the water travels, and with the size of the aperture through
which it passes.

Some filtering media are said not only to remove organic matter, but to destroy it. They are said

to do this by causing the organic matter to combine with the oxygen contained in the water, and
thus convert it into innocuous compounds. Foremost amongst the compounds said to possess this

property stands animal charcoal. Beyond all doubt, animal charcoal has a wonderful power of

freeing water from organic matter, and it does to some extent oxidize the organic matter; but
whether to a greater extent than can be accounted for by the oxidation always going on in water
exposed to the air, is a question which admits of much doubt.

The only process of purification by precipitation requiring detailed remark is Clark's softening

process. Waters to which this method of purification is adapted are such as contain carbonate of

lime retained in solution by excess of carbonic acid. The process consists of adding lime to such
waters until the excess of carbonic acid is neutralized ; when this has taken place both the lime
added and that in solution are precipitated as carbonate, a minute quantity remaining in solution,

as carbonate of lime is not absolutely insoluble in water. By this process not only is the water
softened, but a very large proportion of the organic matter contained in it is removed, and if the

water be colouredj the colouring matter is also entirely or in very great part removed.
The following examples will indicate to what extent the organic matter is removed by this

process ;

—

Paets pee 1,000,000.

Free
Ammonia.

T /Before Clark's process • 01
l

' (After „ „ 0-01

TT /Before Clark's process - 025
1J- \After „ „ 0-030

Albuminoid
Ammonia.
0-05
0-02
0-22
0-08

Free
Ammonia.

TTT /Before Clark's process 0*015
iii

- \After „ „ 0-020

TV /Before Clark's process • 195
iV

'\After „ „ 0-15

Albuminoid
Ammonia.
0-22
0-07
012
0-05

It is to be observed that the organic matter removed can be proved to be present in the chalk

precipitated.

The process presents so many advantages, and is so simple, that we are surprised not to see it

in general use, and naturally expect to find on investigation that it has some great drawback. This,

however, does not appear to be the case.

The only other methods of purification by precipitation which have been adopted to any extent

are the addition of alum to the water, and the addition of a persalt of iron. In both cases the result

is the same, a precipitate is formed which carries down with it a very large proportion of the

organic matter, sometimes as much as three-fourths.

Filter Beds.—Two systems of filtration are in use for filtering water on a large scale, the artificial

filter, and the natural filter.

The artificial filter bed was designed to get rapidly rid ofthat very light portion of the sediment

carried by river waters, which takes some time, a fortnight or more, to subside under ordinary cir-

cumstances. This clayey discoloration, though trifling in weight, renders the water very objection-

able in appearance and in its application to any of the arts or manufactures. That portion of the

sediment which, from its greater weight, subsides rapidly, say within twenty-four hours, can be

more economically got rid of in subsiding reservoirs. The successful use of the filter bed pre-

supposes the preparation of the water in a subsiding reservoir. Wherever the attempt has been

made to use filter beds without that preliminary aid, they have either failed altogether, or

rendered the water but partially clarified. In some places, the large valley reservoirs required for

compensation and flood storage perform for the filter beds the functions of a subsiding reservoir.

The materials used for filtration on a large scale are sand, gravel, and broken stone or shingle,

the depth of the whole varying from 5 to 6£ ft. ; a layer of shells has sometimes been used, placed

within the stratum of gravel, but this is not found essential, and is now generally omitted.

It will be convenient to consider here the most appropriate size for a filter bed before giving the

arrangement and thickness of its materials. The sizes in practice will be found to bo very variable,
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and seemingly to have followed no regular standard. The first filter beds at Chelsea proved incon-
veniently large, and have since in practice been divided. The new filter beds at Stoke Newington,
London, the filter beds at Liverpool, and those now under construction at Dublin, are fair specimens
of modern practice, as applied to large cities. For small cities it is found convenient to make the
dimensions proportionally smaller. The areas of these are 45,000, 30,000, and 22,550 sq. ft. each,

respectively. Their forms are rectangular, 300 x 150, 300 x 100, and 205 x 110. At Stoke
Newington, with a delivery of 12,000,000 imperial gallons daily, there are five filter beds in use
now, and two projected, making seven in all when complete. In Liverpool there are six, for a
delivery of 9,000,000 to 12,000,000 imperial gallons. At Dublin, for an assumed delivery of

12,000,000 imperial gallons, there are seven filter beds in process of construction.

Each filter bed, at short intervals varying with the condition of the water, must have the deposit
which accumulates on the surface of the sand cleaned off or removed, and while any one is under-
going this cleansing process, the other remaining filters must be competent to deliver the required
supply without overstraining their functions. If, then, there are six filters, five of them must be
competent to the full duties of the service, and if eight filters, seven of them must be competent to

this duty, on the supposition always that not more than one filter will at any time be off duty.
Should the circumstances in effect render two unserviceable, the remainder must have area enough
to meet the requirements of the case.

"We see, then, that the smaller the filter beds—with the condition, however, that not more than
one shall be off duty at a time—the smaller will be the total area of filtering surface required for

the particular duty. The materials available for construction, and their cost, will also measurably
influence \he dimensions to be adopted, and it must always be borne in mind that although there
may be but one filter off duty, it will frequently happen that another is nearly unserviceable. It is

therefore found best to give a liberal area of filtering surface, to be prepared for all the contin-

gencies of the service.

The bottom of the filter bed is prepared to suit the circumstances of its position. It must be made
practically water-tight. This is sometimes ensured by laying concrete on the bottom, but quite as

often by a layer of hard clay puddle 18 to 24 in. thick, over which a flooring of brick is laid ; where
the ground is more than usually bad, both the clay and the concrete may be used with advantage

;

when concrete is used the brick paving is not essential. Upon this flooring a central drain,

running lengthwise, is laid, with which are connected on either side small tubular drains of 6 to 9 in.

diameter, prepared for this purpose, the sides being pierced with holes to facilitate the entrance of

the water. These side drains are laid nearly at right angles to the central drain, and from 8 to 12 ft.

apart. The central drain is frequently a double drain, performing two offices—the lower part,

which is covered, gathering the filtered water, and the upper part, which is open, delivering the
unfiltered water upon the sand, when refilling a filter bed immediately after cleansing, and in use
then only for that special purpose. This central drain is sometimes of brick, and sometimes of stone

covered with stone flagging, the side walls of the lowest 12 in. of the drain being in either case laid

dry; the water-way for this size of filter should not be less than 30 in. wide by 15 in. of height.

A little reflection will show that the lateral drains can hardly be placed too close together, for it

is desirable that the filtered water should flow to the collecting drains with as slow a velocity as

possible ; and the further these drains are apart, the greater must be the amount of water running
through each drain.

This drainage skeleton rests on the base of the filter bed, and becomes the means provided to

collect the filtered water and deliver it to the outer passages or wells. Upon the flooring of the
filter beds, and covering the gathering drains as well as filling up the intervening spaces, a layer

of broken stones is laid, large shingle or quarry spauls. The ¡stone should not be larger than will

pass through a 4-in. ring, nor less than will pass through a 2-in. ring, and they must be clean and
free from earth or quarry rubbish.

The shingle so called is obtained in England from coarse gravel or beach deposits, and is

screened to the size wanted.
This layer of broken stone must be 24 in. thick to cover efficiently the pipe drains. Upon this

layer of stone properly levelled off, from 18 to 24 in. of gravel is laid. This gravel is usually screened

into two or three sizes, the larger of walnut size, the next of the size of a hazel nut, and the third

between that and pea size. The largest size lies upon the broken stone, the smallest size at the

top, the layers 6 in. thick each. Over this gravel there is laid not less than 30 in. of fine sharp
sand, screened to ensure the requisite degree of fineness and uniformity. The lower 12 in. may be

a little coarser than the upper stratum of 18 in., but it is important that the two layers should be of

uniform fineness and quality throughout, otherwise there will be danger of the water passing

through more rapidly at one point than another. The whole depth of these materials amounts to

ßve feet eight inches.

From the ends of the pipe drains, as well as from the end of the central drain, small cast-iron

pipes of 4 in. diameter, rise to the surface of the ground to enable the air to escape while the water
is being first let on upon the filter bed.

In England the sides are usually paved with brick or stone to slopes of from 1 to 1 to 2 to 1.

In North Germany the side walls have to be vertical on account of ice, and the depth of the water
over the filter beds is not less than 4 ft.

In the worst stages of the English rivers a filter bed has to be cleansed once a week, rarely

offener. The stufi", whether sediment or otherwise, intercepted by the filter, is found collected on
the surface of the sand; in the process of its removal, a thin paring of sand is necessarily taken
with it, not exceeding from £ in. to £ in. in thickness. The impurities carried by the water are not
found to have penetrated the saud. The paring of sand is usually cleansed and laid aside for future

use, except when fresh sand can be procured at less cost than the washing of the old saud. The
thickness of the sand bed is allowed to be reduced by these repeated parings from S to 12 in. before

it is renewed.
9 K
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The original thickness of 30 in. of sand becomes then but 18 or 22 in. before it is replaced and
brought up to the original lines. The renewal is usually made once in six months, sometimes but
once a year, as the convenience of the service may permit.

At each cleansing of the filter bed the sand is loosened by forks for some 6 to 8 in. in depth, and
afterwards raked smoothly over.

The sand is liable to pack close if the cleansing is too long delayed. In such case the weight
of the water is felt upon the sand ; in the usual state of the filter it is not so felt.

The filter bed is usually filled with water from above by flowing it slowly upon the sand either

from one point in connection with an overflow drain, or from several points on the side of the filter.

It would be safer and more convenient as regards getting rid of the air, to fill it from below by
means of the drains there ; but if this were done with the uncleaned water it would distribute its

impurities all through the filter. The filtered water may, however, by suitable arrangements, be
made available for this service. When the filter has been once filled it is not necessary to empty it

entirely at each cleansing of its surface.

The lowering of the water 12 to 18 in. below that surface will afterwards be sufficient to admit
of the workmen removing the crust of sediment collected upon it.

To ensure the perfect cleansing of the water by the filters as well as to prevent any disarrange-

ment of the materials of which they are composed, the velocity of movement of the water must
be very slow. The average rate is \ gallon a minute for each square yard of sand surface, which
is equal to 3^ gallons an hour for each square foot of sand area of the filter bed. James Simpson,
who may be said to be the originator of the method of filtering now in such general use in

England, is of opinion that the filtering surface should be predicated on a rate of 72 gallons a day
for each square foot of sand, which is equal to 3 gallons an hour a square foot.

When the flow of water through the system of filters during the twenty-four hours cannot
be made uniform, that is to say, when, as is sometimes the case (in the absence of an intermediate
clear water basin), it varies with the consumption, being greater during the day hours than during
the night hours, the combined area of the filter beds in that case should be made to meet the
maximum or daylight consumption of the service an hour.

The filtered water from each filter bed should be delivered into a small well, whence it escapes

into the proper conduit, and is carried either to a common clear water basin, or directly to the
pumps. The sluices at this well can be so arranged, by operating downwards instead of upwards,
as to adjust the head of water actually in action upon the filter bed. When the filter is clean,

9 in. of head will produce the required flow through the filtering material ; according as the

sediment becomes deposited on its surface, this head has to be increased to 2 or 2J ft., varying
a little with the character of the sand. If the head be allowed to exceed 3 ft., it is because the
surface is being rapidly closed ; the weight of the water comes then into play upon the sand, induces
the packing already referred to, and leads to the labour of loosening up the material during the
process of cleansing. Sometimes when this amount of head is exceeded, the pressure leads the
water to break through at points where some slight difference in the material gives it opportunity.
It will then flow through in veins, damaging the filter bed ; but such overstraining of the filters is

rare.

Natural Filters.—Bordering upon all rivers there are found at intervals narrow plains of gravel
or sand brought down and deposited there by the river under the varying positions of its channel
way. When these beds of gravel extend to a depth below the bottom of the neighbouring stream,

they will always be found saturated with water mainly derived from that stream, and however
turbid the water of the river, this underground flow will always be found clear, provided that we
tap it at a reasonable distance from the channel way.

Covered galleries are carried through these beds of gravel at depths sufficiently below the
channel of the neighbouring stream to ensure a supply of water within the gallery during the lowest
stages of its water. The water in these gravel beds rises and falls with the height of the water in

the river, and unless the galleries were placed below its lowest water they would obviously become
dry and would cease to deliver at its lowest stage. These galleries are of various sizes and of

various widths, 8 to 30 ft. in width being the latest practice. But the experience of one place will

seldom be applicable to another. The character of the neighbouring stream and the fineness or

coarseness of the gravel or sand in which the galleries are placed, influence importantly the rate of

supply.

Figs. 7314 to 7317 are of the filtering galleries at the Toulouse water-works. The population of

Toulouse is stated to amount to 100,000 souls. The water is derived from the Garonne, indirectly,

by means of subterranean galleries situated in a bank of gravel on the left bank of the river. The
sources of the Garonne are found on the slopes of the Pyrenees chain of mountains, in the depart-

ment of Ariege. The velocity of the river at Toulouse averages ordinarily 1 mètre a second, or

about 2\ miles an hour. Immediately opposite the filtering ground the velocity does not exceed
2 miles an hour, the dam erected a short distance below having modified importantly the current
there. The bank of gravel and sand in which the galleries have been constructed lies within the
city limits, but in what may be called the suburbs ; the dense portion of the city lies below this

point as regards the river, and upon its opposite bank.
It is important to understand the relation of this gravel bank to the lowest stage of the Garonne,

and to its flood waters. The surface water of the Garonne at its lowest stage is recorded to have
stood 433 ft., 132 m * 09, above the level of the sea. The surface of the gravel bank referred to

is on an average 130 mètres, 446 ft., above the same level, or about 13 ft. above the lowest stage of

the river. The river floods rarely cover this bank ; in loug intervals, however, extreme floods set

over it, and the one of 1832 rose to 451 \ ft., 137 "69, above the sea, covering this gravel meadow,
therefore, with some 5£ ft. of water. The rise of the river in ordinary floods may be taken at 8 to

10 ft. In the highest flood on record referred to it rose to 18 ft. above the lowest water of the river

opposite to the present pumping engines.
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In the pump-house there are two breast-wheels, each 16i ft. diameter, exclusive of the buckets
and 5 ft. wide each. Each wheel works four plunger-pumps of 10| in. (O- 27) diameter each, and

7314.

7315.

7316.

(toss Sections
of Neu Cattery JVT 4

7317.

Cross Section/ of the/
Branchts ofNov BranrJies

Hit

3-80 ft. stroke. The delivery averages 5000 cubic mètres a day. Each set of four pumps delivers
its water into a vertical pipe of 10 in. diameter, which is carried up the pump-house tower to
a height of 66 ft. above ordiuary water of the river. At this height, the waters of the two risin°-
mains are delivered into two city mains of the same diameter, and the head thus acquired enables
numerous fountains to be well supplied, and admits of the lower stories or ground floors of manv of
the houses receiving the water iato the house. In this last respect, Toulouse is at present very
imperfectly accommodated. There is no reservoir connected with the pump?, which are therefore
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necessarily kept perpetually at work, except as one wheel must be occasionally intermitted for

repairs.

The new works include a sufficient reservoir to defend the city against accidents to the works,
and to admit of their more leisurely repair and examination. They are so arranged as to admit of

the water being received into the highest stories of all the buildings.

The form and size of the gravel bed in which the filtering galleries are situated will be best
understood by reference to Figs. 7314 to 7317. The deposit consists of gravel and sand of different

degrees of fineness, its surface, however, covered with a thick bed of rich soil. The whole rests

upon a compact tufa or marl, and the depth at which any filtering galleries can be laid is limited by
this impervious base. The surface of the marl is situated here about 12 ft. below the low water of

the river.

As much of the body of sand and gravel lies below the level of the water in the river, it is

saturated with water, and this water, although evidently derived from the river and its affluents,

has passed through such a width or depth of material at a very slow velocity, on the wide plains

above, that it has been deprived entirely of the matter which gives the muddy hue to the stream. In
the filtering galleries, therefore, it is found colourless and limpid. Immediately under the bed of

the stream, or in too close proximity to it, this result would not probably have place. The first filter

gallery or drain C D, Fig. 7314, was laid at a distance of about 60 mètres, 197 ft., from the bank.
The bottom is situated only about 4 ft. below the lowest water of the river. The form is square, the

interior width 1 ft. 8 in., the height 3 ft. The side walls were of brick laid dry, with a flagging stone

for the cover, and with no paving on the bottom. The bricks were laid dry and the bottom left un-
covered, that the water might have free access to the culvert. The inside of this culvert was filled

up with small stones, probably to prevent the side walls, which were not in mortar, from being
pressed inwards. The trench in which the culvert was laid was filled up again with the materials

taken from it. A coarse gravel was found at the bottom of the trench mixed with flints. The
gravel became finer as the depth lessened from the surface, and ended in a fine river-sand, covered
at present with from 2 to 3 ft. of soil.

The length of this first filtering culvert is 656 ft. ; it is said to have delivered at all times clear

water; but the quantity was soon found to be insufficient for the demands of the city. To increase

the supply, a second filtering arrangement was projected and built, differing somewhat in character
from the first. In this second case eleven wells g, A, Fig. 7314, were sunk along the margin of the
river, covering a distance of 300 ft. They were carried to the same depth as the culvert, and steined

up with dry brick. The wells were connected together by iron pipes, and from their lower terminus
a connection was made with the pump well of the pump-house. The water from this second filter

turned out bad, and it has consequently been for some time in disuse.

A third filtering culvert c, e,f, was constructed on the same plan as the first, but larger. In the
lower part of its course it is situated farther from the river than the first culvert, and in the upper
part nearer to the river ; the length is 1476 ft. (450 mètres). Like the first, it has always produced
good and clear water.

The total length of these old filtering galleries (excluding the wells in disuse) is 2132 ft. The
growing wants of the city and the increase of its population rendered necessary a further and more
liberal supply of water, and a new filtering gallery has been constructed in the same bank of

gravel.

It will be convenient to note here the water capacity of the old galleries. This capacity is

equal to 5000 cubic mètres a day. The new filtering gallery is of larger dimensions than the others,

and it is laid lower in the bed of gravel, and consequently has a greater capacity of drainage from
the underground reservoir of the neighbouring plain, of which the particular gravel bank of these
works may be said to form a part.

It differs in other respects importantly from the old filtering conduits. Its contour is of mortared
masonry, in this case beton, of sufficient strength to defend it from the outer thrust of the material
in which it is imbedded, and its interior is not filled with stones, but void, forming thus in itself a
considerable reservoir of water. The water finds its way into the conduit from the gravel deposit in
which it lies, in part by small earthenware tubes placed on both sides of the gallery, but mainly
through the bottom, six-sevenths of which is left unpaved for that purpose, and where the clear

water rises, therefore, from the coarse gravel which has place there.

At every seventh mètre a buttress is thrown across of 1 mètre in width, and to this extent the
bottom is impermeable. The surfaces of these buttresses, which are intended to defend the side

walls against movement from the back thrust, do not rise above the prescribed level of the bottom
of the conduit.

The interior height of the new conduit is 8 ft. 8 in. (2m -65), the width 7 ft. 6 in. (2
m *30). The

bottom is placed at 129m, 45 (424-6 ft.) above the sea, or 8 ft. 7 in. below the lowest stage of the
river. It is therefore 4| ft. below the bottom level of the old galleries. The present length of the
new gallery is 1180 ft. (360 mètres) ; but the intention is to extend it gradually to double this

length, or more, according as the requirements of the city may demand it.

It will be observed that the new gallery is not based on the marl or tufa upon which the gravel
bed rests, but is kept from 2 to 3 ft. above it. This has been done to permit the water to percolate
easily into the gallery from the bottom, where it is expected that the mass of the water will enter
it, rather than from the side tubes.

The dam in the river below the present pump-house produces comparatively still water opposite
to the filter ground, and must encourage that kind of sedimentary deposit there, which the natural
current of these rapid mountain streams does not admit of, except in eddies, and then only until
the scouring operation of a heavy flood clears the channel of such accumulations. But when the
underground material of the plain, for some distance above, consists of an equally open gravel, it

can be of little consequence that the river bottom, within the influence of the dam, should become
comparatively water-tight. The water will, in any case, reach the filter galleries from above, and
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from a somewhat greater distance, and the only effect would be to reduce the rate of delivery some-
what, and perhaps render a greater length of gallery necessary.

Water Regulator.—To ensure a constant discharge of water from a reservoir which has a head of

water varying continually, a water regulator is frequently used. Several methods have been adopted,
one of the most ingenious is that used at the Gorbais Water-works, near Glasgow. Fig. 7318 repre-

sents a transverse section of this arrangement through the regulator-house, showing the method by

7318.

which the discharge is equalized. To the orifice of the outlet-pipe O is fitted a square-hinged flap-

valve of wood, against which presses, by a friction roller, a lever B, the arms of which are bent.

To the upper arm is attached a chain that passes over a pulley, and is connected wittfa cast-iron

cylinder or float D, that stands in the reservoir E, of slightly larger diameter. At the side of the
entrance door of the building is placed another cistern G of cast iron, closed at the top and com-
municating by a pipe E E with a vertical pipe H, which is in connection with the outlet-pipe, and
passes up the slope of the embankment to carry away any air that may accumulate in the main.
The cistern G is connected with the reservoir E by a pipe K, which supplies water to float the
cylinder D. Now, it is evident that the discharge from the reservoir will be regulated by the posi-

tion of the lever B, and this again will be controlled by the height of the float D. To regulate this

height the supply from the cistern G must be self-adjusting, or be regulated by the amount of water
flowing away. The float N has attached to it a spindle, on which are fixed two double-beat valves
that work in the vertical part of the pipe K, one of which admits water from the cistern G into the
cylinder E, and the other allows the water to escape from the reservoir E. Now, if the surface of

the water upon which the float N rests should rise above the proper level, the float forces up the
spindle, closing the supply-valve from the cistern, and at the same time opening the lower valve.

Thus the supply is cut off and the escape opened, enabling the float D to fall. The subsidence of

the float closes more or less the flap-valve, and checks the discharge, in consequence of which the
surface of the water falls, and with it the float N, which consequently opens the supply-valve, aud
again admits water into the cistern E. Thus an almost perfect equality between the consumption
and the supply-water is preserved. It would appear that the same effect could be produced by
connecting the lever directly with a float on the surface of the water, but such an arrangement
would only apply when the pressure against the flap is trifling.

General Remarks.— In arranging a main pipe from pumps, the pipes should have sectional

capacity sufficient to allow of the velocity in the main pipe not exceeding 2 ft a second, as friction

increases in proportion to the velocity, as is shown by the law governing the delivery of water from
pipes under pressure. Covered reservoirs and tanks should be ventilated, and all supply-pipes
arranged in such manner as to allow of easy inspection and subsequent repairs. Stop-taps should
be placed betwixt the main and the building in all cases, so as to allow of isolation of any line of

service-pipe for repairs. House service-tanks and service-pipes ought to be fixed so that the rooms
cannot be flooded in case of leakage or overflow, and ready means of access to all tanks and cisterns

must be provided to allow of inspection, cleansing, or repairs. Up-bends should not be formed on
lines of main pipes or on service-pipes. If up-bends are inevitable, air-valves have to be provided
to let out the air at the up-bends. Bends at right angles on pipes are to be avoided, and the pipe
brought round in a curve instead.

In most towns it is necessary during the summer months to distribute water over the streets in

order to mitigate the inconvenience arising from clouds of dust, to cool the atmosphere, aud to

assist in flushing the drains. Hydrants, which can be also used to communicate with tire-hose or

stand-posts, are therefore attached at certain intervals to the mains ; and in estimating the quantity
of water required in any particular town, the quantity required for fires and street-watering must
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be taken into account. Figs. 7318a, 7318b, a plan and section of a street-watering apparatus, fitted

with a water-meter. The water is admitted from the main through the sluice-cock, passes through
the meter, and thence by the iron elbow into the stand-post, from which it is delivered into the
water-carts.

7318a. Stand Post.

Plow ofShdce Case,

Sluice Cock.

Ï318B.

Paisley Water-works.—The following account of the water supply of the town of Paisley, for which
we are indebted to Alexander Leslie, will serve to illustrate many of the points we have already
enlarged upon.

In the year 1835 powers were obtained to bring in water, for the supply of Paisley, from the
districts of Gleniffer and Harelaw, Fig. 7319, lying to the south of the town, having respectively

drainage areas of 624 acres and 166 acres. The works were executed by K. Thom, who made
careful experiments, extending over a period of three years

r
to ascertain the amount of water flowing

from the Gleniffer district, by means of which the quantity actually available was found to be
70,354,769 cub. ft. a year, which is equivalent to 31*06 in. out of a depth of 46*13 in. of rain over
an area of 27,189,063 sup. ft., leaving a loss by evaporation and absorption of 15*07 in. The whole
of the water from the drainage area wns not available for the use of the town, as one-fourth was
reserved for compensation to bleach-fields situated on the natural water-courses. This amounted
to 22,267,735 cub. ft. a year, leaving 66,803,206 cub. ft. available, being 183,022 cub. ft. a day, or
127*1 cub. ft. a minute.

The works consist of a reservoir at Harelaw, having a capacity of 14,248,000 cub. ft., with a
conduit leading from thence to Stanely, where there are two other reservoirs, one to act as a
subsiding pond, capable of holding 28,340,000 cub. ft., the other for clear water, with a capacity of

7,194,000 cub. ft., with regulating sluices for turning the water into either. The open conduit
between Harelaw and Stanely is the principal feeder for the Stanely reservoirs ; in its course it

intercepts the burn 6* flowing from Gleniffer braes, which are almost all pasture ground.
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There are self-acting compensation sluices at the outlet of the lower of these reservoirs to ensure
a uniform delivery with a varying head of water in the reservoir. From thence the water is con-

veyed by a masonry conduit, 2 ft. by 1 ft. 6 in., to filters and a covered tank, on an elevation at the

southern end of the town. The population in 1853 was about 50,000, so that the supply of water

for each person, including manufactories, was 22| gallons a day.
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The growing wants of the town rendered it necessary for the authorities to look out for increased
supplies, and, after examining various sources, the water of the Rowbank burn, which rises on the
borders of Kenfrewshire and Ayrshire, and which is one of the tributaries of Castle Semple Loch,
was selected. The average height of the land selected for the reservoir is 500 ft. above the
Ordnance datum, rising in undulating ridges to 700 ft. at the watershed. The works have also to

supply the town of Johnstone and the village of Elderslie, having together a population of nearly

10,000 persons.

The drainage area utilized by the engineer to the new works, James Leslie, contains 1220 acres,

and is partly arable, partly pasture, and -^ of the whole, amounting to 94 acres, is moorland, the
water from which is rather mossy at times, but this is diverted from the store reservoir, making it

however available for compensation. Two rain-gauges were placed in the neighbourhood, of which
a careful register was kept. One of these, representing the rainfall over 700 acres, was at Spring-
side, 540 ft. above the sea, and the other, the fall over 520 acres, at Muirhead, at a height of 490 ft.

above the sea. It was thus ascertained that the yearly fall at Springside equalled 64 39 in., and
at Muirhead 50-79 in.

The quantity of rain falling on 700 acres, the depth being 64*39 in., is equal to 163,614,990
cub. ft., and on 350 acres, the depth of rain being 50 '79 in., 64,528,695 cub. ft. The average depth
of rain over the whole area is 59*86 in., or 228,143,685 cub. ft., and subtracting the amount mea-
sured by the weirs, subsequently mentioned, 179,662,325 cub. ft., there remain for loss by evapora-

tion and other causes 48,481,360 cub. ft., which is equal to 12 # 72 in. of the rainfall, leaving 51 "67 in.

available for the high ground and 38*07 in. for the low ground. There now remain 170 acres,

with a rainfall of 38*07 in. to be added, which yield 23,492,997 cub. ft. of water a year, raising

the total to 203,155,322 cub. ft. a year. A stone reservoir was constructed at Nethertrees, on the
Rowbank or Birkcraig burn, about three miles south-east of Lochwinnoch ; the water area is 100
acres, and the greatest depth 35 ft. The pipes were constructed to carry 184 cub. ft. of water a
minute, and the compensation water was fixed at 92 cub. ft. a minute. Storage was provided for

180 days, or six months of this whole quantity, being about 77,000,000 cub. ft.

To test the flow of water into the Rowbank reservoir four gauge-weirs were erected on the tribu-

taries, and the water flowing over them was measured every day. These gauges were constructed

of battens and stakes carefully levelled and made water-tight, with a free overfall, and with sufficient

still water behind to prevent inaccuracy from initial velocity. No. 1 was 5 ft. long ; No. 2, 2 ft. 4 in. ;

No. 3, 1 ft. 4 in. ; and No. 4, 1 ft. The depths being taken, were calculated by the formula

Q = 4 • 904 b d §, where Q = cubic feet a minute, b = breadth in feet, d = depth in inches. The
total flow a year over all the weirs was ;—For No. 1, 129,484,049 cub. ft. ; No. 2, 38,359,063 ; No. 3,

7,262,279 ; No. 4, 4,556,934 ; total, 179,662,325.

A conduit, 6J miles long, conducts the water to the Stanely filters, whence it is conveyed to

Paisley by a 16-in. pipe. Abranch pipe leaves the main 3 miles west of Paisley to supply the towns
of Johnstone and Elderslie ; and a set of filters and a tank were constructed at Craigenfeoch for

filtering the water supplied to those places. Another set of filters and a tank are placed on the high
ground to the south of the original reservoirs at Stanely, with a branch pipe leading down to them,
to make up any deficiency that may occur in the old works.

To impound the water it was found necessary to construct three embankments, the largest ot

which is situated across the bed of the burn or stream at Nethertrees. The first operation consisted

in the formation of a by-wash channel, to divert the water of the Reivoch burn from the reservoir

during the construction of the bank, as it was from this burn that floods were apprehended ; and it

now serves for carrying the water of that burn past the reservoir, should it be at all impure owing
to floods. When this was finished the outlet-tunnel, Figs. 7320 to 7322, was proceeded with. The
purpose of this was, in the first place, to discharge the waters which would have accumulated
during the construction of the bank, and to receive the two outlet-pipes, one of which carries the

compensation water, and the other the water for the town. The tunnel is 426 ft. long, a length of

150 ft. of which, at the lower end, was open at first, and afterwards covered in, the remaining 276 ft.

being tunnelled through rock. The interior dimensions of the tunnel are 5 ft. 6 in. by 5 ft. 6 in. It

has vertical side walls, and a semicircular roof. The whole length of the arch was built of moulded
brick. Where in open cutting the side walls were 15 in. thick, and the arch was built of the same

7320. 7321. 7322.
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thickness, set in mortar, with a rubble-stone arch outside, 9 in. deep ; and where in tunnel the side

walls, for a length of 236 ft., were built of brick, and the space between the wall and the rock was
filled in with close-packed rubble stone set in mortar. A length of 40 ft. at the inner end, where
the rock was friable whin, a kind of trap or green-stone, was built wholly of brick set in cement,
the brickwork filling up the entire space to the rock. This portion had a brick invert varying from
9 in. to 15 in. in thickness set in cement, the remainder of the floor of the tunnel being natural rock,

dressed off as smoothly as possible. The rock varied in quality from what is locally called Osmond,
being like the hardest whinstone, to a soft grey, granulated, sedimentary substance, easily cut with
a knife. It required blasting, and in some places the roof had to be supported until the building
was finished. At the lower end of the tunnel is the sluice-house, Figs. 7323 to 7326, 10 ft. square,
with an arched roof 10 in. thick, and side walls 3 ft. thick, in which are placed three sluices for
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directing the water into the town, or for diverting it into the burn. At the inner end of the tunnel

is a horseshoe-shaped recess of masonry, Figs. 7327 to 7330, in which is placed the iron up-stand or
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sluice-shaft. This recess is 10 ft. 9 in. long by 5 ft. 9 in. broad, with walls 2 ft. 6 in. thick. Across

the front are lintels 2 ft. 6 in. by 1 ft. 3 in. in section, and, again, in front of these is a groove for

holding a wooden grating, which may be replaced by stop planks when access to the sluices is
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required. Across the bottom, and 2 ft. 6 in. above the floor, is a stone 3 ft. by 1 ft. 9 in. in section,

on which stands the iron sluice-shaft, and below which passes the pipe conveying the compensation
water. For a length of 17 ft. at the upper end, the tunnel is of larger dimensions, being 7 ft. 6 in.

by 5 ft. 6 in., and tapering to 5 ft. 6 in. by 5 ft. 6 in., Fig. 7331. This portion was filled up with
masonry round the pipes, after the embankment was completed, to make it water-tight ; and round
the up-stand, up to the level of the ground, it was filled in with clay puddle and covered with pitch-

ing. Leading to this up-stand is a channel 5 ft. 9 in. wide, Figs. 7327, 7328, with side walls varying
from 2 ft. 6 in. to 3 ft. 6 in. thick, with cross lintels 1 ft. square to keep the walls apart, and the bottom
is pitched with 9-in. pitching set on a bed of concrete 6 in. thick. The ashlar was procured from
Shillford quarries, 4 miles south-east from the reservoir. Provision was made in the contract for

filling up the tunnel with clay round the outside of the pipes, but this has not been required, as the
solid masonry at the upper end is water-tight.

The greatest depth of the principal bank is 60 ft., Fig. 7332, and the length 500 ft. along the
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top, which is 5 ft. above high-water level, and 10 ft. broad. The slopes are 3 to 1 inside and 1\ to 1

outside. The puddle is 8 ft. broad at the top, and increases with a batter of 1 in 8 on each side

down to the level of the ground, from which point it diminishes to one-half that width at the

bottom of the trench. The puddle-trench is 62 ft. deep at the deepest part. To form a proper
foundation, all soft material was stripped off the site of the bank, including a considerable accumu-
lation of peat and silt at the bottom of the valley, which was excavated down to the clay or rock

before the bank was commenced. The greatest depth under the surface of the valley was 17 ft. on
the outer, and 22 ft. on the inner side. During the excavation it was found that the moss on the
inner side was so soft that it would not stand even with a moderately flat slope ; and it was also

threatening to cause a leak in the temporary bank across the valley. To obviate this, and to enable
the moss and silt to be readily cleared out, a row of piles was driven at the inner toe of the embank-
ment. The broken nature of the rock forming part of the puddle-trench rendered it necessary to

excavate the hills on both sides to a considerable depth.
The material for the bank was found on the site of the reservoir, and consisted of clay, which,

when mixed with the rock taken from the excavation of the puddle-trench, formed a good and sub-
stantial bank. To facilitate the work a short tramway was laid from the north end of the bank to

the place where the materials were procured. The wagons were worked by a small locomotive

engine, and the stuff, having been tipped on a loading bank, was removed in common tip carts. The
banks were then formed with a slope inwards towards the trench of 1 in 12. Care was taken to

spread all stones and keep them separate, so that earthy matter might fill up the interstices. The
layers, each 6 in. thick, were pressed and trodden down by carts and horses passing frequently over
them, and were pounded with beaters where the carts could not work. No planks or rails were
allowed in forming the banks, and in dry weather water was poured over the whole surface to make
it settle.

The wagons for conveying the puddle were also worked by the locomotive engine. A staging,

carrying rails, having been formed along the side of the trench, the wagons ran along it by their

own gravity, and the clay puddle was tipped into the trench ; it was then spread in thin layers,

mixed with water, and properly cut and worked up by being tramped on by navvies. After under-
going this process, it formed a compact mass quite impervious to water. When the slopes of the
bank had been made, and had settled, the inside slope was covered with a layer of broken stones,

over which was laid pitching of hard blue whinstone. On the outer slope, and on the top of the
bank, was laid a layer of stones 3 in. deep to keep out moles and rats, over which a layer of soil was
dressed off, and sown with rye-grass and clover seeds. The natural slopes between two of the banks
were pitched with rough pitching, set on a layer of broken stones.

The other banks were formed in the manner already described, but they were of smaller dimen-
sions, one being 230 ft. long and 14 ft. deep, and the other 815 it. long and 18 ft. in depth.

The waste weir at the south end of the large bank was 40 ft. long, being at the rate of 1 ft. in

length for every 30 acres of drainage area. The side walls are 3 ft. high on each side of the weir,

and the channel, which has a gradient of about 1 in 6, has been cut out of the solid rock, with a

width at the bottom of 10 ft.

It was originally intended to strip the entire surface of the inside of the reservoir, as the presence
of vegetable matter was considered objectionable; but the cost led the operation to be dispensed
with. The quality of the impounded water, however, has been decidedly deteriorated by the omis-

sion of this operation. When the bank and waste weir were finished, two parallel lines of 21-in.

pipes were laid through the tunnel ; at the inner end one was connected to the bottom of the
cast-iron up-stand shaft, and the other passed under the stone carrying the sluice-shaft, and was
bolted to the sluice" for giving out compensation water. The space under the stone was then built

up. These pipes, which were in 12-ft. lengths, were lowered by a crane on a bogie at the sluice-

house end of the tunnel; a tramway having been laid through it, the pipe was then run up to
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the place required, and when on the bogie, it was used as a ram to drive the preceding pipe tight

home.
The sluice up-stand, in the horseshoe recess, Fig. 7327, is made of cast iron. It is 2 ft. 6 in. in

interior diameter, of f-in. metal, cast in five pieces, with flanges bolted together. It is about 35 ft.

high, and there are four sluices at different levels. The sluice openings are 17 in. square, and are

fitted with double brass faces. The pipe for the town supply is connected with this cylinder, and at

a lower level is the pipe for the compensation water, with the rod for working the sluice on the end
of it, passing up in front of the iron cylinder. The sluices are worked by a movable brass nut
working on a 2^-in. screw. The compensation water is discharged into the burn or stream, across

which is placed a gauge-weir to measure the amount of water. The water for the town is discharged
into a cast-iron well, with an overflow to take the pressure off the clay pipe which leads from it

towards Paisley.

The total length of pipe track from Eowbank reservoir to Stanely is 11,126 yds. For a distance

of 3872 yds. this track has a gradient of 1 in 700, and is laid with 3021 yds. of 21-in. clay pipes,

76 yds. of iron pipes in moss, with a few iron pipes at the burn crossings, and there are 765 yds. of

masonry aqueduct where the track is in deep cutting. The second portion of the track is supplied
with cast-iron pipes, of which 3286 yds. are 18 in. in diameter, and 367 yds. 16 in. The third

portion has 16-in. clay pipes for 2700 yds., laid at a gradient varying from 1 in 140 to 1 in 70, and
200 yds. of iron pipes. The portion from Stanely to Paisley, 2895 yds. in length, has 16-in. iron

pipes. The pipe for supplying Johnstone and Elderslie leaves the 18-in. main near Craigenfeoch,
and is 8 in. in diameter to the filters, from thence it is 10 in. to Thome, from which place there is a
branch to Johnstone 8 in. in diameter, and another to Elderslie 5 in. in diameter. The track for the

pipes was excavated 1 ft. wider at the bottom than the exterior diameter of the pipe, with slopes

varying according to the quality of the material ; opposite each faucet a clear space of 6 in. was left

all round, to permit of the proper jointing of the pipes. When the cutting was in rock, the pipes

were laid on a bed of earth 3 in. deep. Where the clay-pipe track was through a porous material,

the pipes were surrounded with clay puddle 12 in. thick. The clay pipes were jointed in the following

manner ;—Two strands of rope-yarn, steeped in thin cement, were wrapped round the spigot and
calked in after being inserted into the faucet ; then the remainder of the faucet was carefully and
closely filled up with cement, which was bevelled out from the end of the faucet along the outside of

the pipe, with a slope of 1 to 1, and when practicable, as in the case of the 21-in. and 16-in. pipes,

a boy was sent in to point the inside of the joint with cement.
Wherever there is a constant fall and no pressure on the pipes, says Leslie, clay pipes should be

found to answer the purpose well, provided sufficient care is taken in selecting those perfect in form
and without cracks or flaws, especially at the neck where the faucet is fastened on to the body of the

pipe, and where a crack is likely tobe found. Care must betaken, too, that they are properly jointed,

and that the thin cement is not shaken out of its place during the operation of refilling the track, a
probable result if it is done before the cement has had time to set. Above all, they should not be
laid in too deep cutting, as the superimposed material is certain to break and crush them ; nor
should they be subjected to any pressure from a head of water.

The great fault found in the pipes was a liability to crack at the junction of the faucet with the
body of the pipe. A method was devised in order to test their soundness, when that could not be
ascertained by ordinary inspection. The pipes were placed on a wooden platform, with the faucets

downwards, and inserted in a thin bed of clay carefully worked so as to be water-tight. The pipes
were then filled with water obtained from a pit close by. With a head of 3 ft. of water some of

them were found to leak, though the greater number were perfectly tight. The cracks in those
which leaked were carefully pointed with Portland cement inside and outside. When the cement
had set, they were again subjected to the water test, and for the most part they were now found to

be water-tight; those that still leaked were rejected.

Where clay pipes were used in cuttings above 9 ft. deep, a relieving arch of rough rubble wa.>

formed over them to protect them from crushing. Where the depth of cutting exceeded 12 ft., a
masonry aqueduct was substituted for the clay pipe, the sectional area of which was 3 ft. by 2 ft..

Figs. 7333 to 7335. The soles were of pavement about 3 in. thick, which was set flush in mortar

Ï333.

7334. Y335

&ianhcle> crv Aqitccbuct/.
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SecUerv of Brick Aqueduct.
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on a bed of levellings and well pointed. The sides consisted of parapet ashlar, procured from
Shillford quarries, 9 in. broad, with the faces scabbled and the backs left quarry-faced ; and the covers

were of pavement from 3 in. to 5 in. thick, with a rest of 6 in. on each wall. Where part of the conduit
was in treacherous ground, the soles and covers were checked, so as to keep the walls apart should
there be any tendency to force them together. Great care was taken in filling the space behind the

ashlar with clay and soft material, and a depth of 1 ft. 6 in. to 2 ft. of earth was placed on the top of

the covers to protect them in filling in the cut, which in most cases was in rock. Where the track
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passes under streams an iron pipe is substituted for the clay pipe. This is built round with rubble,

over which is placed hammer-dressed pitching 10 in. or 12 in. deep, and in the centre, over the pipe,

pavement is laid of a thickness and extent depending on the size of the stream. One stream is crossed

by a bridge of 16 ft. span, Figs. 7336 to 7338. The arch stones are 15 in. deep, and the side walls

are tied together with bond stones with a hold of 12 in. at each end.

7336.

BRIDGE OVER STREAM CARRYING MAIN PIPE

The clay pipes were of the following dimensions, all being 3 ft. long,

exclusive of the faucet ;

—

Thickness. Depth of faucet.

1 in. 4 in.

1 „ 4

Internal diameter.

12 in.

15 „
16
21

ilJ 4 1>

1 1

41
4i

The faucets are of 1 J in. greater diameter than the outside of the
pipes, and are a in. thicker than their body ; the shoulder is I in. thicker

than the body of the pipes, and both spigot and faucet are grooved to

make them hold the cement.
The iron pipes were 12 ft. long exclusive of the faucet. The prin-

cipal dimensions and weights of these pipes were as follow ;
—

7337.

tìii-otiqh

Av.L

7338.

ttcrvugli

Winn Walls

Interior

Diameter.

inches.

5
8

8
10
10
16
17
18
18
21
22

Length of r „ ,„,, - t>. „ Thickness
Pipe elclusive' ^g£ *g» of Body of

of Faucet.
¡

incLusive oi * auce c -
. pipe.

feet.

12
12
12
12
12
12
12
12
12
12
12

eet. inches

12 4
12 H
12 4i

12 H
12 H
12 4?
12 4f
12 4f
12 4f
12 5
12 5

inch.

JL,

2
_g_
18
5.

8
5.

S
1 I

16
3.
4
3.
4,

4
1 3
ia

10

Weight of each Length.

cwts. qrs. lbs.

3 15

5 1 26
6 15

7 2 6

8 1 13
14 1 5

15 16

16

17 1 15

20 22

26 18

The pipe-joints were, for the most part, turned and bored, and the pipes were laid in the follow-

ing manner ;—The spigots were wiped clean, and were coated with fresh Portland cement of the con-
sistency of paint made up immediately before being used. They were then inserted into the faucets
and the pipe driven home by repeated blows, in the case of the smaller pipes from the wooden
mallet, and in that of the larger pipes with the next one slung as a ram, in which case a piece of wood
was interposed to keep the iron from striking iron. The lead and yarn joints were made after the
spigot was inserted, by calking the faucet hard with sound rope-yarn up to within 2£ in. of the out-
side, and filling the remaining space with melted lead, which was hard staved so as to be water-
tight.

The pipes were tested with the pressure of a column of water, which for a pipe

in. in. ft.

5 in diameter and \ thick, was 600 high.
8 9

11 -\s ;>
300

11

8 s
11 "ff » 600 i)

10 s
» 8" 1» 300 M

10 Ai» 16 1* 600 1*

16 1 )» 300
1)

in. in. ft.

17 in diameter and f thick, was 300 high.

18 „ f „ 300
18 „ -]f „ 400
21 „ H „ 300
22 ,. î „ 400

While under pressure they were repeatedly struck with a hand hammer, and any pipes sweating
or leaking were rejected. The uniformity of their thickness was also tested by calipers designed
for the purpose.
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Two filters, Figg. 7339 to 7341, for the supply of Johnstone and Elderslie, were constructed at

Craigenfeoch, each 45 ft. by 32 ft., and the tank was 50 ft. by 26 ft. and 13 ft. deep.

.-B)'&- ÍL<l¿A FUZZ
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Fig. 7342 is a section of the feed-pipe ; Fig. 7343 a section of the feed-trough ; Fig. 7344, section

of the inlet-pipe and trough; Fig. 7345, overflow-pipe for filter; Fig. 7346, regulating sluice; and
Fig. 7347, by-pass sluice for filter; Figs. 7348 to 7351, outlet-sluice for town-pipe, with screen.

The walls of the filters and tank have a foundation course 8 in. thick, and are built of good flat

rubble bedded in mortar, and the face stones of the tank and of the filters above the level of the

sand are of chisel-draughted ashlar. The tank walls are 3 ft. 6 iu. thick, at the level of the plat-

form, and the filter walls are 3 ft. thick ; both have a batter on the inside of 1 in 12.

As the excavation consisted for the most part of porous rock, the whole ai*ea of the building was
well grouted with mortar run into every crevice, and the floor of both filters and tank, including half-

way through the walls over the foundation course, was covered with a layer of clean gravel, 4 in.

thick, grouted flush with Fortland cement. The retaining walls were brought up with a void of

4 in. in the heart, with two dovetailed recesses to form a tie opposite each other 12 in. by 6 in. by
6 in. for every square yard of surface. These voids were filled with clean gravel in layers of 6 in.

connected with the concrete of the floor, and each layer was grouted with Portland cement. The
result was an excellent water-tight wall, the only objection brin-- the cost, which was high. The
floor of the tank was covered with pavement 3 in. thick, laid flush in mortar and pointed with

cement, and an area of 6 sq. yds. under the inlet-pipe was laid with ashlar 9 in. deep, calked on
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the joints with iron-rust cement. There are two semicircular wells at the outlet of the filters, with
sluices for regulating the head of water over the filters during filtration. The filters have each a

7342. 7344.

>>

'i' | J
IP

7347.

fy.t JPass Stun*

Overflow Rtp&
for Filter.

m

CzzJ

Secttin of Trvu/jlt,.

EM!
Icegulaung SLulce, '

i »'

fer friser* I '

7345. 7346. 7343.

7348. 7349.12-in. clay pipe along the centre, with
branches and 4-in. cross-pipes laid with
open joints to admit the water, and
with an iron air-pipe at the end of each.

The filtering material consists of a bed
2 ft. deep of coarse gravel, small enough
to go through a 2-in. ring, but not
through a f-in. ring ; the upper surface

is in ridges and furrows 6 in. deep, and
over that is a layer 6 in. deep of clean

gravel which will go through a f-in.

screen, but not through a §-in. screen
;

over this is a layer of slate chippings
6 in. deep, then a layer of coarse sand
6 in. deep, and lastly a bed 18 in. thick

of fine clean sharp sand, dressed into the
prescribed form of ridges and furrows,

Fig. 7341. The water is admitted into

the filters by feeding troughs along the
side farthest from the tank, from which
it passes through sluices and feeding
chests into the feed-pipe, and is delivered

from a trumpet mouth at the level of

the sand, which prevents any disturb-

ance of the filtering material.

The roof of the tank is of wrought
iron with "J" bar rafters and struts, and
round tie and suspension rods, 6 ft.

apart, braced diagonally, resting on
and bolted to a cast-iron wall-plate,

and having L lathes 8J in. apart for

the slates. The slates, which are Welsh
seconds, 20 in. by 10 in., are fastened
on by copper wire to the lathes, over-

lapping 3 in. The mortar employed
was Arden lime well burned and
ground, mixed in the proportion of two
and a half parts of lime to two of sand
and one of mine dust. The high-level

filters and tank erected at Stanely are
of the following dimensions ; three filter

beds each 90 ft. by 60 ft., and a tank
138 ft. by 38 ft. and 14 ft. deep. They
are constructed on the same principle

as those above described, the only dif-

ference being that the walls of the tank are 4 ft. 6 in. thick at the top ; all the walls inside batter
1 in 10, but for economy the concrete groove was dispensed with, and on the outside of the walls
clay puddle was substituted for it.

Works relating to Water Supply ;
—

' Eeport by the General Board of Health on the Supply of Water
to the Metropolis,' 8vo, 1850. Kirkwood (J. P.), < Eeports on the Use of Lead Pipe for Service
Pipe in the Distribution of Water for Cities,' 8vo, New York, 1859. ' Distribution de l'Eau potable
dans les Fontaines et dans les Maisons particulières de Berlin,' imperial folio, Berlin, 1860. Dumont
(A.), l Les Eaux de Lyon et de Paris/ 2 vols. 4to, sewt d, Paris, 1862. Moriu (A.), ' Des Machines
et appareils destinées a l'élévation des Eaux,' 8vo, Paris, 1863. Gale (J. M.), ' On the Glasgow

Outlet/ Stuixx/ IbrTowrvPtpt/ wvtK Screen*

7351.

7350.
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Water-works,' 8vo, Glasgow, 1864. Dupuit (J.), • Traite théorique et pratique de la conduite et de
la distribution des Eaux,' 2 vols. 4to, Paris, 1865. ' The Brooklyn Water-works and Sewers,
a descriptive Memoir,' 4to, New York, 1867. Colburn and Mawe, ' The Water-works of London,
8vo, 1868. Kirkwood (J. P.), ' Keport on the Filtration of River-water in Europe,' 4to, New York,
1S69. Chapman and Wanklyn, 'Water Analysis, a Practical Treatise on the Examination of
Potable Water,' crown 8vo, 1870. Hughes (S.), ' On Water-works for the Supply of Cities and
Towns,' 12mo, 1872. See also numerous papers in the Minutes of the Institute of Civil Engineers.'

WEB. Fe., Core; Gee., Gewebe; Ital., Costola; Span., Nervio.

A web is a thin vertical plate of metal connecting an upper and lower part or table of a girder.

WEDGE. Fe., Coin; Gee., Keil ; Ital., Zeppa, Cuneo; Span., Cuña.

A wedge is a piece of metal or other hard material, thick at one end and sloping at the other to

a thin edge, used in splitting wood, rocks, and the like; in raising heavy bodies, and for similar
purposes. See Mechanical Powees.
WEIGHING MACHINE. Fe., Balance; Gee., Tafelwage; Ital., Macchina da pesare; Span.,

Máquina para pesar.

See Balance.
WHEEL AND AXLE. Fe., Roue et Essieu ; Gee., Rad und Achse ; Ital., Asse nella ruota ;

Span., Rueda y eje.

See Mechanical Powees.
WOOD-WORKING MACHINERY. Fe., Machines a tailler le bois; Gee., Holzverarbeitungs-

Maschinerie ; Ital., Macchine da lavorare il legno ; Span., Maquinaria para labrar madera.

Next in rank to machine tools directed to metal working, machines for wood working are most
important among those employed in industrial manufactures. As a material, wood enters largely

into the construction and often forms the greater part of permanent structures, such as buildings
and bridges, and in carriage manufacture, for both roads and railways ; while for furniture wood is

almost exclusively used. In ship-building, even in what are called iron ships, a large share of the
material employed is wood. The elasticity of wood, and its rigidity compared with its weight,
adapts it to many uses, for which no other material seems to be fitted ; even the permanent way of

railways rests on wood, whenever it can be obtained at a cost that will permit its use for the purpose.
The number of persons engaged in wood manufacture, including joinery, ship-building, car and
carriage making, and furniture manufacture, is greater in civilized countries than the number of
those connected with the conversion of iron or textile substances, and with these two branches of

industry excepted, wood manufacture is by far the most important branch of technical industry we
have.

Wood, unlike metal, is not malleable, or ductile ; it cannot be moulded or compressed into shape,
but all forms made of wood are cut from blanks whose external dimensions will cover the finished

object ; bending, which is practised to some extent in the manufacture of light carriage-wheels and
similar work, forms an exception to this rule, but is an inconsiderable part of the processes employed
in wood converting.

The wood working begins with felling trees in the forest, an operation that is performed maiuly
by hand, all attempts thus far to construct felling machines for the purpose having proved unsuc-
cessful, a result attributable to the necessary portability of such machines, the incessant adjustment
required, and the danger of destruction from falling trees.

The first operation in wood working, after the logs are prepared, is forest sawing or slitting

the logs into rectangular sections, called deals, scantling, plank or boards ; deals, when sawed
merely to reduce the timber to such dimensions as to allow it to be handled and transported ; scant-

ling, when the pieces are of a square section, or nearly so
;
planks, when sawed to final dimensions

that exceed 1 in., and are less than 4 in. in thickness ; and boards, when the thickness is 1 in.

or less.

The machinery for lumber manufacture is called by the general name of mills in North America,
a name that has no doubt been adopted from sawing machinery being in most cases operated in

combination with machinery for grinding grain, each supplying the local wants of a neighbourhood,
the sawing and grinding machinery being driven by the same motive power, and frequently both
are erected in the same building.

Lumber sawing machinery can be divided into three classes, consisting of reciprocating saws,

rotary saws, and band saws. The extent to which the different classes are used being in the
order in which they are named ; reciprocating saws being most common in America, and almost
exclusively used in Europe for lumber cutting. Fig. 7352 is a perspective elevation of a recipro-

cating lumber saw by Arbey, of Paris, arranged to receive a greater or less number of blades, as the
nature of the work may require, a is a strong rectangular frame, in which the saws are strained

and adjusted. This frame has a reciprocating movement of 20 to 30 in., imparted by the crank-
wheel and connection seen in front. The log is mounted on the two carriages 6, 6, which are fed

along by the spur-wheel and pawl gearing at the side, the feed movement being intermittent and
consonant with the reciprocating motion of the sash or saw-frame a.

In some machines of this class rollers are used for feeding, so that the logs pass through con-

tinuously one after the other; such mills are called gang mills, and may be arranged with any
number of saw-blades; the driving shaft can be placed on top of the main frame c, or a steam
cylinder may be connected directly to the saw-frame a ; the general principles of operation, however,
remain the same.

Muley mills, a variety of reciprocating lumber saw-mills, are used in North America for many
kinds of work where accuracy of the lumber is an object, and sometimes by preference for regular

lumber manufacture. These mills operate with an unstrained reciprocating Baw supported by a
light cross-head at each end, and by lateral guides at the sides of the blade, that cerne close to the
top and bottom of the log, so that the saw is kept rigidly in placo both in entering and leaving the

wood. The saw-blades used in these muley mills are from 10 to 12 in. in width, and oí unusual
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thickness, in order to secure the required rigidity, and to sustain the strain of the up-stroke which

falls on the saw-blade. The speed of these mills is from 300 to 400 strokes a minute, and their

performance, aside from the kerf waste, is all that can be desired with a single blade.

7352.

The feeding devices, log carriage, and other details, are similar to those in other saw-mills, the

feeding movement being generally continuous, and not intermittent as with gang mills.

Fig. 7353 is a timber sawing machine arranged with rotary saws, by Allen Kansome and Co.,
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of London. Machines of this kind are extensively used in America, where the value of timber is

not so great as in Europe, and the loss of the kerf by reason of the thicker saws required is not
such an object. The saws not being supported by tension, and their rigidity being dependent upon
the thickness of the saw-plate, when of large diameter should be made J in. or more in thickness,
which with a wide set, wastes from -^ in. to f in. at each cut. In Fig. 7353, a is the main saw, and
b a top saw which is used when the depth of the timber exceeds the capacity of the saw a. The
top saw 6 is supported on the cast-iron standard d, and is driven by a belt connecting the spindles
of the two saws at the back of the standard d. e is a long reciprocating carriage carrying the
log m ; this carriage is operated by the

gearing seen at n, which receives motion
from the spindle of the saw a. The log m
is adjusted laterally to the saws by the

two standards c, c, operated by screws and

Ï354.

the tangent-wheels o, o are dogs or

hooks that are driven into the log to pre-

vent it from rolling ; t is a flanged disc,

technically called a spreader, that stands

in line with the saws, and acts as a wedge
to keep the pieces separated, and prevent
them from clamping the saws.

Fig. 7354 is a front elevation of a
band sawing machine for sawing timber,

by Eichards, London, and Kelly, Phila-

delphia, a is a strong cast-iron column
with which the wheels 6, b, are connected

;

e is the saw ; d', d, d, are guides to steady
and support the saw ; e, the log being
sawed; and /, a reciprocating carriage,

similar in its action to the one last de-

scribed ; the upper guide d is adjusted
up or down by means of the hand-wheel g
to suit the depth of the logs being sawed ;

A is a shaft transverse to the axis of the

saw-wheels used for driving the feeding
gearing, hauling in logs, or other purposes,

as may be required. The top wheel has
a vertical adjustment on the column a by
means of the screw i, and rests on springs

that equalize the tension of the saw-blade,
and provide for the expansion and con-

traction of the saw caused by changes of

temperature during the intervals of cut-

ting. The machine as here arranged will

receive saw-blades 50 ft. long to 6 in. wide.

Band saws waste but little kerf in

lumber cutting, are capable of tension like

reciprocating saws, and can be driven at

a higher rate of speed than rotary

saws. The experience in their

use has, however, not been suffi-

cient to meet the difficulties that

arise in their operation, and the

skill required to manage them is

so great that their general em-
ployment, as in the case of large

rotary saws, must be a work of

time.

After timber cutting, the next
process, for such lumber as re-

quires to be reduced to less or

more exact dimensions, is second

sawing, or resawing, which is

performed on machines that cor-

respond in most respects to those

used for timber cutting, except

that the machines are not so

heavy, and are driven at a higher

rate of speed, ßesawing is per-

formed with reciprocating, rotary,

and band saws, but more espe-

cially with reciprocating saws,

where by the use of a large num-
ber of blades the aggregated cut-

ting movement of the saws taken together may equal or even exceed that of rotary saws or band sa \\ s.

Ï355

Figs. 7355, 7356, represent front and side elevations of a machine arranged for

9 L
or
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second sawing, having two saw-frames and independent feeding devices, so that two deals or planks

may be cut at the same time. The two frames are used with the further object of balancing each

7356.

other, by having the cranks set opposite, and thus avoiding the jar and vibration that is inseparable

from reciprocating machines. This is partially accomplished as the weight of the reciprocating

parts approach one plane, and although the object sought in such a compounded machine is not
fully attained, yet a great deal of the vibration is avoided. The feed in this machine is intermittent,

and operated by the devices shown at a, a, which will be understood from Figs. 7355, 7356 ; b is

a deal which is forced through the machine by the fluted rollers c, c ; on the top of the deal there

are pressure rollers e, e, held down by the levers and weights i, i ; the crank-shaft is mounted in

bearings connected with the main frame, and driven by the pulleys at n ; o, o, are forked connec-
tions that pass up at each side of the saw-frames, and are attached to studs at the sides.

Figs. 7357, 7358, are of a band sawing machine arranged for resawing. The main standard a is

7357. 7358.

^ss
of cast iron, standing on and bolted to a strong sole-plate b ; the shaft of the lower wheel s runs
in brackets bolted to this sole-plate, which is made large enough to constitute a base for the machine.
The top wheel d is mounted on a movable saddle t, that slides up and down upon the face of the
standard a, and is moved by means of a screw e, and hand-wheel /, connected by bevel-gearing
inside the arm or bracket n ; g is a deal or plank fed to the saw h by means of the rolls i, i, which
are driven by gearing beneath the platen o, arid are pressed together by the lever and weight at e.
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The feeding mechanism is all mounted on and supported by the stand m, which can be moved to

or from the saw as required. These feeding devices and the table o on which they are mounted
can be set at various angles by means of the concave seat seen at x. The saw-guides are carried

on the two iron brackets ri, n, the top one having a vertical adjustment on the face of the column a,

to accommodate lumber of various depths
; p is a weight to counterbalance the top guide bracket

n, so that it will stand at any point without fastening. The tension of the saw, as in the larger

machine for timber cutting, falls on flexible springs. The saws used on this machine are 30 ft.

long and 3 in. wide ; they are given a cutting movement of 5000 ft. a minute.
Circular saws are not much used for resawing, except when the pieces to be cut are thin enough

to bend and allow a wedge-shaped saw to be employed, as in sawing veneers or scaleboards. A
saw of parallel thickness, sufficiently rigid to perform resawing in dry lumber, would occasion a
great waste by reason of the kerf; besides, circular saws are more difficult to operate in resawing
than either reciprocating or band saws.

For cutting lumber into small pieces and to dimensions, as it is called, bench saws are used,

consisting of a bench or frame with a fiat top, and a rotary saw mounted as in Figs. 7359, 7360. a is

the main frame which is, with the top, cast in one piece ; 6 the gauge to guide the lumber and
determine the thickness of the piece cut off; this gauge b is fastened to a stiff bar planed to fit into

a dovetailed groove extending across the top of the main frame, the gauge being held firmly by
steel dowel-pins. The gauge b is arranged to be set at any angle up to 30° for cutting bent
pieces ; there is also a countershaft to increase motion from the line shafting, and to stop or start

the machine by a shifting belt.

7359. 7360.

Â

¿A

Fig. 7361 is a saw-bench arranged for both slitting and cross cutting ; the gauge a is used in

slitting, and can be removed while the traversing table is used for cross cutting. The saw with the
mandrel and pulley is raised or lowered by means of a sliding frame operated by the winch c, bo

that the saw may be projected through the top of the bench to any height required, and within

its capacity. This arrangement is used for cutting grooves or rebates, and in any case where the

saw is to cut to a specific depth.

Machines for cross cutting lumber transverse to the fibre are generally distinct from machines
used for slitting, and may be divided into two classes; one in which the saws are moved to the

material, adapted to the heavier kinds of work, and the other when the wood is moved on car-

riages and the saws stationary.

Fig. 7362 shows a cross-cutting saw of the first class, with n movable saw a, which is mounted
on a saddle that slides on the projecting standard b. This standard is arranged to adjust up or

down upon the sole-plate c, as the diameter of the saw or the tension of the driving belt d may
9 L 2



3092 WOOD-WORKING MACHINERY.

7362.

require, the adjustment being made by the screw e. The carriage or saddle on which the saw-
spindle is mounted is moved on the bracket b by means of the hand-wheel /, which is connected
with a chain inside the standard or main frame b

;

g is a table for supporting the timber h that is to be
cut. The top of this table is composed of a number
of iron rollers to avoid friction and facilitate the
adjustment of the timber. When the saw a is moved
out or in, upon the bracket b the belt d traverses on
the long drum i, the tension remaining the same at

all points.

Fig. 7363 is another machine with a traversing

saw arranged for cross cutting, the driving gearing
being placed beneath the floor, a is the main frame
of cast iron ; b the saw, which is mounted on a carriage

that moves on rollers inside the main frame ; c is the
wood to be cross cut, and d rollers on which it moves

;

e is the driving pulley hung in the radial swing
frame /, pivoted at g. This frame / rises and falls

as the saw is moved backward and forward on the
frame a, and permits a regular tension of the vertical

belt i ; h is the driving belt by which power is com-
municated to the machine.

Various modifications of cross-cutting machines
with traversing saws have been made, the diversity

in their arrangement relating mainly to the means em-
ployed for communicating power to the saw-spindle.

In all machines of this class that are driven by hori-

zontal belts, or belts that run in the plane of the
traversing motion of the saw, the driving strain of
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the belt has to be resisted either in bringing the saw forward, or in running it back, an objection

that is quite serious in the case of hand-feeding, which best suits the operation of these machines.
With vertical belts or belts that run transversely to the line of the saw movement, this difficulty of
belt resistance is avoided, and a steady action of the saw ensured.

Fig. 7364 is what is called a carriage cut-off saw, the wood to be cut being traversed on the
carriage a, which is mounted on rollers running on the top of the brackets b, b. The standard c, on
which the saw-spindle is supported, and the brackets b, b, are bolted to a heavy sole-plate d, that
keeps the parts of the machine in true adjustment ; e is a small flat table to support the pieces cut
from the lumber, the main part resting on the running table a.

It is obvious that small pieces of lumber, such as the parts of cabinet work, can be more readily

moved and handled than a saw and mandrel, and that a machine arranged upon the plan of the
one in Fig. 7364 is more convenient for ordinary uses than those arranged with a movement of the
saw for feeding, as in the two machines just described.

When wood is to be cut in curved or irregular lines, saws of a narrow width must be used, the
kerf allowing the course to be changed at pleasure, within certain limits ; in this way curves can
be cut whose radius does not exceed twice the width of the blade for saws to -| in. wide ; for larger
curves the width of the saws cannot exceed ì of the radius, unless the saws are made convex. This
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class of sawing is usually termed sweep or scroll sawing for the heavier class of work, and fret

sawing for the lighter or ornamental kinds.

7364.

Scroll and fret sawing are performed with reciprocating saws and band saws ; by reciprocating

saws for perforated cutting, when the saws have to be passed through holes for what is called

inside cutting, and by band saws for outside cutting, on the exterior of the pieces only.

Keciprocating saws for irregular lines consist of three modifications. Sash saws, when the

saw is strained in a reciprocating frame used for heavy work ; saws that are not strained and are

supported like circular saws by the rigidity of the blades only ; and saws strained by elastic or spring

tension. In the second and third instances the machines are divided into two independent parts,

connected only by the saw-blades, the object being to obtain a clear sweep for turning the lumber
that is being cut. Saws strained in frames and used for sweep or scroll cutting are so analogous

to reciprocating saws, already described, except as to size and strength, that no further description

is required.

Y366.

Fig. 7365 is a fret saw, of the spring-strained kind, rande by F. Albey, of Taris, a is tlio ran in

frame, and b the platen or top, both of iron ; j is the crank-wheel, and y the dril ing pulley ; í is the
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connection between the crank-wheel j and a sliding bar moving in guides beneath the table at h.

The saw c is fastened to this slide beneath the table, and to a similar one e above the table.

This top sliding bar e is connected to the spring d by means of the flexible cord m. The light

weight of the reciprocating parts permits a rapid motion of the saw, which can be for the same
reason suddenly stopped, adapting the machine for perforated sawing. To pass the saw through
the piece for inside work, the saw is disengaged at n, and the lumber passed over the top, or the
saw may be loosed both above and below the table, and passed through
holes in the lumber without lifting the piece.

Fig. 7366 is a scroll sawing machine of a novel character, invented
by J. Eichards, of Philadelphia. In this machine the saw is not strained,

but merely supported by means of anti-friction guides of hardened steel

at its top that prevent it from turning, and give lateral and back support

at the same time.

The principles upon which the machine is constructed are that the

rate of cutting movement can be inversely as the weight of the recipro-

cating parts, and that while the cross-head beneath the table may be

driven at a high speed, any weight attached to the top end of the saw
limits the speed. The saw in this case, not having any weight attached

to its top end, can be driven at any speed that the under gearing is capable
of withstanding. 3000 of these machines have gone into use, in America
mainly, but band saws being adapted to the same class of work, the recipro-

cating machines are not now so extensively used. These reciprocating

machines, Figs. 7365, 7366, can be operated at a speed of from one to two
thousand strokes a minute, a is the frame, cast hollow to receive the

crank and shaft, which are placed inside for safety and to avoid the dust

and débris from the saw. The crank and connection is of the ordinary

construction, except that the joints are made with the care necessitated

by the high speed at which they run.

The saws are rigidly fastened to a tubular stock or slide running in

the bearings at c ; between these bearings is a casing containing fibrous

7368. 7369.

packing to maintain lubrication, the oil otherwise being rapidly absorbed by the saw-dust. Hardened
steel guides are attached to the end of the sliding tube d ; there is a small rotary fan for clearing the
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saw-dust from the work, connected by a flexible hose with the tubular guide-stem d, through which
the air passes, escaping at e. g, Fig. 7367, shows the form of the saws used in this machine.

Band saws were invented in the year 1808, by Wm. Newberry, of London, but because of the

difficulties met with in manufacturing the saw-blades and in joining them together, no regular use

of the machines took place until forty years later. Band saws are extensively employed in sawing
of all kinds, not only for curved lines, but also for slitting and for timber cutting, besides being

applied to various uses in other branches of industry, such as splitting leather, sawing ivory, slate,

and metal.

Band sawing machines consist essentially of two wheels, on which the saw is strained like a
belt, guides to support the blades, and a flat table to move the material upon. Figs. 7368, 7369,

are of a plain band sawing machine. The main frame a is cast in one piece, arranged to support

the shafts of the top and bottom wheels b', 6', the'guide-stem c, and the table d. The top wheel V is

adjusted up or down by the hand-wheel / to regulate the tension and the variation in the length of

the saw-blades ; the table d moves on the quadrant beneath, to various angles for bevel sawing ; o is

an adjustable gauge for sawing parallel lines.

Fig. 7370 is of another form of band sawing machine, a the top or movable wheel, and b the

driving wheel ; e is the table, which is arranged to swing on a pivot, and is held by the quadrants

c,c; d is a casing to guard against accidents occasioned by the saws breaking.

Sawing of all kinds, as an opera-

tion in wood conversion, has for

its general object the dividing of

pieces into parts, the separation of

a mass into smaller pieces, but not
the reducing such pieces to true

dimensions. After dividing or

sawing the timber or lumber, a
further operation is required, called

planing, which produces true di-

mensions, and smooths the surface

to receive paint or varnish.

Planing, after sawing, is the

next important operation in wood
manufacture ; machines for this

purpose are all known by the gene-
ral name of planing machines, but
consist of three classes, that operate

upon different principles. These
machines consist in carriage, pa-

rallel, and surface planing ma-
chines, which will be successively

noticed.

Fig. 7371 is an example of car-

riage planing machines, operating
with traversing cutters, the plane
of rotation being parallel to the

face of the wood, a is a long frame
supported on the stands r, r, r ; c is

a traversing carriage, on which the
lumber d is carried beneath the

cutter-head e ; this cutter-head or

cutter-bar e is mounted on a ver-

tical spindle, and driven by the

belt /, from the countershaft ;

m are belts that operate the feed-

ing gearing at s by means of
a vertical shaft t that is con-

nected with the pulleys n at the
top of the machine. There are

three pairs of these feeding belts

arranged to move the table at

various rates of speed, as the
nature of the work may require,

the rate of movement being controlled by the hand-levers at g. The cutter-spindle p is mounted
in a frame that slides up and down on the front of the frame tc to regulate the distance lu t\w en

the cutter z and the table, the adjustment being made by the hand-wheel /, and the gearing and
screw at h. The movement of the cutters exceeds 12,000 it. a minute, the cutter-bar c being foi

from fibrous iron to withstand the centrifugal strain incident to bo gréai a Bpeed.

Fig. 7372 is a side view of another carriage planing machine arranged with cylinder cutters, the

plane of rotation being ata right angle to the face of the wood, ami with cutters to plane three sides

of the lumber at the same time. As the aggregate length of the cutting edges can with macini ,

this kind be equal to three or more times the width of the Lumber acted upon, it follows that the

performance is more rapid, and the endurance of the cutters greater than win n traversing Hitters

are employed, as in the machine last described. The main frame is supportai on stands a, n, ?¡
;

o a carriage that has a reciprocating movement given to it by a wire rope winding right and left

upon the drum g, the ropes being fastened at the ends of the extension pieces »¡, n, which allow

the wood d to pass entirely from under the cutters /. A rack can be employed on the under side
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of the carriage, but does not produce so smooth a movement as the winding rope. The top cutters

at / are carried in a strong frame p, that is adjusted up or down on the standards b by the hand-

wheel at top ; a pressure roll at s bears on the top of the lumber to hold it firmly on the carriage.

7371.

7372.

The vertical or side cutters e, are supported on the standards c, and have a transverse adjust-

ment across the machine to suit lumber of various widths ; the feeding gearing at g is driven by
belts from the countershaft h, and is arranged to give either a quick or a slow movement to the

carriage o, the rate of movement being changed at will by the levers seen at I ; i is the main
countershaft from which all the cutters are driven.

In carriage planing the lumber is guided in a true line by means of the ways on which the car-

riages move, and the cutting performed with reference to the carriage movement instead of the

shape of the material. All planing done in straight lines has of necessity to be performed upon
this principle, and no machines except those with carriages are suited to the preparation of lumber
that requires to be straight and out of wind, as it is called.

Parallel planing machines include machines that reduce lumber to a parallel thickness, either

by passing it between cutters that are opposite to each, other on different sides of the lumber, or

when only one or two sides are planed, by passing the lumber between the cutter and stationary
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gauges or beds. The feed movement is continuous in machines of this class, the lumber being
usually fed by means of rollers, that produce a regular forward movement in one direction. The
effect produced in parallel planing is what the name indicates, that of giving parallel dimensions
to the lumber, but not making it straight nor out of wind, as in the case of carriage planing.

The use of parallel planing machines is or ought to be confined to lumber that is flexible
enough to be straightened by the feeding rollers and pressure bars in passing through the
machine.

Parallel planing machines, as a class, are subdivided into planing and matching machines for
manufacturing flooring, ceiling, or other lumber that is tongued and grooved

; planing machines for
dressing one or both sides of boards, technically known as surfacing machines ; and moulding
machines, adapted to the preparation of mouldings, and other pieces that have not flat surfaces.
The difference between the first and third class of machines named being merely in capacity and
size.

Fig. 7373 is a side view of a planing and matching machine, arranged to operate on three or
four sides of the lumber at the same time.

1313.

The lumber is forced through the machine by three pairs of feeding rolls, that are connected by
expanding gearing, and are pressed down upon the lumber by springs r, of vulcanized india-

rubber, a is the main frame, on which is bolted the housing 6, which carries the first pair of feed-

ing rolls, the top cutters, and the pressure bars or rollers ; the top rolls are adjusted simultaneously
by means of the hand-wheel c. The top cutters are adjusted up or down by the hand-wheel d; the

rear, or clearing rolls, are adjusted by the wheel e. The vertical, or side cutters, are seen at o, under
the hood /, which is for collecting shavings and dust by pneumatic suction. These side cutters have
a traversing adjustment across the machine, and are moved by the crank at g. The shavings are

collected in the hood /, and are then drawn into the fan at A, and expelled through the pipe i, being
carried to a stoke room or elsewhere, as required. The feed movement is stopped or started by
means of the lever k ; m is the countershaft which drives all the cutters and the exhausting fan at h.

When the machine is used for planing but one side of wide lumber, the side cutters at o are easily

removed, and the lumber allowed to pass over the top of the spindles, when the distance between
is not enough to accommodate the width of the lumber.

As this class of planing machines is more extensively used than any other, especially in the

preparation of building material, and as no dimensions have been given in describing other

machines for planing, it may be a matter of interest, and convey a general idea of the proportions

in such planing machines, to note the following dimensions in connection with Fig. 7373 ;

—

The machine receives lumber for surfacing only, to 24 x 5 in. ;
planes, tongues, and grooves to

14 x 5 in. Main cutter-block, 6| in. diameter, 24 in. long, 3 cutters ; side cutter-blocks. tU in.

diameter. Aggregated width of belts for driving cutter-spindles, 17 in. Rotary movement of

cutters, 6750 ft. a minute. Aggregate of cutter movement for each block, 20,250 ft. a minute.

Number of revolutions of cutter-spindles, 4000 a minute. Top cutter-spindle, 2 in. diameter, steel.

Side cutter-spindles, steel, H in. diameter. Rate of feed from 40 to 60 ft. a minute. The wheels

of the expansion gearing are made of steel throughout.

Fig. 7374 is of a planing machine for moulding and matching, arranged with six cutting

spindles and two pairs of feeding rolls, a a is the main frame; l\ l\ feeding rollers; .

l

, top

cutters; d, side cutters. There are also bottom cutters at c and/. The top cutters are adjusted up
and down by means of the hand-wheels g and h ; the top feeding rolls are raised or lowered by the

hand-wheel i.

The top cutter c' is intended for straight cutters that produce a flat surface, which can then be
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moulded by the second top cutter c ; the spindle at / can be arranged with circular saws, to divide
the lumber into several pieces after it has been planed. All the cutter-spindles are driven from
the shaft at m. The feeding rollers 6, 6, are hung in swing-frames that are pivoted on the axis of a
shaft, from which they are driven, and rise and fall in a curve described from that centre.

7374.

7375.

Fig. 7375 is a parallel planing machine to plane on one or two sides, the top and bottom of such
lumber as is not required to be reduced to a width at the same time. The feeding movement of the
lumber is in this machine produced by means of an endless revolving apron or bed, composed of bars
linked together, that are carried on two axes, and move like! a belt beneath the top cutters.

These bars being corrugated, and presenting a flat surface of two or more feet in length under the
cutters, carry the lumber forward with great force. The bottom cutter is driven from the shaft /,
which is in turn driven by the frictional contact of the feed belt that gives motion to the top
cutters. There is a dead bar opposite the bottom cutters to hold the lumber at that point when
being planed on the under side. The saddle, on which the top cutters and pressure rollers are
mounted, is adjusted up or down on the standards, as in the other machines noticed. These
machines were invented about 1850 by an American named Farrar, and were designed to avoid the
celebrated Woodworth patents, that for a long time controlled and hampered the progress of wood
planing in the United States. The chain-bed planer, however, achieved more than its inventor
had expected, and thousands of machines have been made upon this plan, which for some pur-
poses has advantages over roller feeding machines.

Figs. 7376, 7377, show a moulding planing machine arranged to act upon all four sides of the
lumber at the same time, producing various profiles, as the shape of the cutters may determine.
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A is the framing ; B a table outside the framing ; this table is free to rise and fall to the extent

of about 9 in. more or less. C a projecting leg from the bottom of the table furnished with dove-

re.

7377.

tails which slide in grooves in the frame of the machine. Up-and-down motion is imparted to the
table through the screw a working in a nut b fixed to the frame A ; the screw is driven by the toothed
wheel c through the crank-handle c?, the wheel c driving a mitre-wheel e keyed on to the top of the
screw. 'The table B carries the bottom rollers D, D, and the revolving bottom cutter-shaft and
cutters E ; F is the top cutter-shaft and cutters extending beyond the frame of the machine and
over the table B ; the outer end of this top cutter-shaft revolves in a bearing carried by the
projecting arm /. The table is formed with an aperture to allow of the working of the vertical

cutters ; these cutters are carried on shafts to which pulleys I, I, are keyed ; the pulleys and shafts

are connected to plates K, themselves attached by bolts to plates sliding in dovetails on the table B.
Curved slots are made in the plates K, through which studs pass to allow of the plates being fixed

at any inclination required in order to cause the cutters to cut the wood on either or both sides to

the angle required. L, L 1
, are the feed-rollers ; M is a beam with two depending legs terminating

at bottom in a point ; each of these points enters a V _1'ecess on the top of the bearings of the feed-

rollers. This beam M is free to move on a centre to allow the rollers to oscillate when the wood is

first fed on to the table. N is a weighted beam pressing on the beam M ; k is a roller carried by a
bracket I, the top of which works in a box, and is continually pressed upon by a spiral or other

spring ; the object of this roller is to keep the wood in contact with the bottom cutter, and to steady
it under the action of that cutter.

In the feed arrangements, O is the disc-wheel; P a pinion on the boss of the disc-wheel; this

pinion gears into the toothed wheel Q, on the boss of which there is another pinion R, which drives

the wheel S keyed on the shaft of the îeed-roller L 1
. T an intermediate pinion for driving the

wheel U on the shaft of the other feed-roller L ; V a pulley driven by a belt ; it carries a mitre-

wheel W in gear with another mitre-wheel X on the shaft Y; Za clothed friction pulley free to

travel to and fro on a feather on the shaft Y when moved by an arm l\ On one end of this screw
arm is fastened a mitre-wheel which is geared into by another mitre-wheel o on a shaft which is

moved by a hand-wheel p. The arm I
1 carries at top a pointer, not seen in the drawing, to indicate

on an index plate q, the back of which is shown, the rate at which the wood is driven through the

machine by the feed-rollers.

The operations of sawing and planing wood that the machines thus far noticed are directed to,

may be called general operations, through which nearly all lumber used for every purpose must
pass. After planing, operations in woodwork become diversified: the material is then bored,

mortised, tenoned, or shaped into various forms for ornament or special uses.
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7378

Mortising machinery consists of rotary and reciprocating machines ; in the first the wood is cut
away by rotary tools that have also a vibratory or reciprocating motion, to produce oblong recesses
the length of the mortise. Eotary mortising machines are extensively used in France and in
England, where they are applied to all kinds of work, mainly because mortising can be performed
in this manner on machines that may be also used for other purposes ; but in the United States
and Sweden, where in wood manufactures the division of labour is carried further, and where each
operation requires a separate machine, rotary mortising machines are only applied to the heaviest
class of work when the material is too heavy to be handled for reciprocating machines, when the
material can be bored for bolts, or faced at the same time that the mortising is performed, and when
mortising such pieces as cannot be held firmly enough to resist the shock of reciprocating machines,
especially the parts of chairs that are cylindrical or irregular in form.

In the largest rotary mortising machines used for mortising the framing of railway carriages,
bridge timbers, and so on, the reciprocating motion is given to the cutters, which are usually of a
diameter equal to the width or one-half the width of the mortise, so that one or two movements
will complete each operation.

Figs. 7378, 7379, are elevations of a rotary mortising machine. Fig. 7378 is a front view;
Fig. 7379 a side view, a is a strong standard, 6 a saddle fitted to move up and down on planed
guides on the front ; the spindle c is mounted
in a second saddle that has a transverse move-
ment across the saddle b, and is moved by the
hand-wheel and screw at d.

The saddle b is moved up and down on the
front of the column a by means of the wheel <?,

and the rack and pinion / ; g is a long carriage
on which the timber h to be mortised is placed.

This carriage g is moved either by hand or

power by means of the gearing in the casing i,

operated by the hand-wheel j or the belts k, as

the motion of the work demands. The carriage

is supported on large rollers I, I, I, to avoid friction

and permit hand movement, which is essential

in many operations. The wood h is held by
clamps m, and is placed on the carriage in such
a way that stops determine the position of the
holes or mortises, which therefore require no
laying out, their position being determined by
stops or gauges q, g, q, when the timber is pro-

perly adjusted. The vertical or lateral move-
ment of the cutter o is regulated by the four
stop-rods p, each provided with collars to deter-

mine the movement of the saddle b, stopping
at eight positions, and giving dimensions and
lateral position to the mortises accordingly.

7379.

The length of mortises and the distance between them is also determined by the stops q that slide

and are fastened in a groove on the front of the table b ; these stops q come in contact with the stop-

rod r that is operated by hand from the back of the machine. By setting these stops q and the

vertical stops p to suit the number and position of the mortise, any number of pieces can be

mortised or bored precisely alike. The power movement of the table, which is 100 ft. a minute
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each way, is controlled by the lever s, which with the wheels d,j, e, and the stop-rod r, are all

within reach and control of the operator ; t is the countershaft from which motion is given to

the cutter-spindle and the traversing gearing at i; m is a counterweight to balance the saddle ò

and spindle o.

Small rotary mortising machines have both rotary and reciprocating motion of the cutters, the
wood remaining fixed, the rotary motion being usually 7500 revolutions a minute, and the recipro-

cating motion 400 strokes a minute.
Reciprocating mortising machines are constructed under various modifications suited to heavy

or light work, and for deep or shallow mortises ; the mechanism and movements being, however,
much the same in all machines, consisting essentially in a crank-shaft, a chisel-bar, and tables or

carriages to present and move the material.

The greatest distinction in such machines is between those that have a chisel feed, where the

chisel and chisel-bar, in addition to a reciprocating motion, has also a graduated feed movement,
and machines that are arranged with a feed movement of the table or carriage, that raises the wood
to receive the action of the chisel. In the first, as the chisel is fed to the wood, or down into the
mortise, it is evident that the relative position of the crank and chisel has to be changed to the
extent of the feed movement ; in other words, there has to be either an elongation or a contraction

of the connections between the chisel and the crank.

Fig. 7380 is a perspective elevation of a reciprocating mortising machine, with a graduated stroke,

by Lane and Bodley, of Cincinnati. The machine was invented by Thomas Guild, in the year 1852.

The machine has been selected as an example, because of the long test that it has had in

all countries, and from the fact that there were in 1873 more than 3000 such machines in use,

including those arranged for wheel-hubs and other special purposes.

Fig. 7380 is what is termed a railway-car mortising machine, because of an extra boring spindle,

and the nature of the table ; the chisel-bar and reciprocating parts being the same on all machines,
except as to the range of the stroke, which varies from 3 to 10 in. a is the main column ; b the table

on which the material is supported ; c is a clamping screw to hold the material ; and d a wheel for

traversing the table b. e is the chisel-bar
; / the connection between the chisel-bar and the sliding

block g ; A is a pivoted vibrating lever that receives motion from the crank-wheel i by means of the
connection j ; I is the driving pulley where the power is applied ; and k a pulley to drive the boring
spindle m, and also the boring spindle w, on the other side of the machine ; o is the treadle that

puts the chisel-bar in motion and controls the stroke by means of the rod p, which extends up to

and operates the toggle-links q, q. The vibrating lever h being pivoted in a strong bearing at r,

the sliding block g, when in the position shown, has only an oscillating motion on this axis r, and
the connection / and chisel-bar e are still ; but by depressing the treadle o the block q is forced out

upon the lever h by means of the links q, q, and the chisel-bar e is gradually set in motion. By
this action the chisel s has not only a reciprocating motion imparted to it, but is, by reason of the
connection / coming into a vertical position, fed downward at the same time, so that the depth of the

mortise cut may equal the whole stroke of the machine, the chisel rising at each stroke to the same
position on the upstroke, regardless of its range.

Attention is called to this feature as one that has, more than any other, led to the extended use

of these machines. To cut a mortise 9 in. deep, a crank 5 in. long is sufficient, so that the whole
stroke is utilized ; but with variable crank motions, such as are often employed in constructing

mortising machines, the stroke

has to be at least twice the depth
of the mortise, with one or more
inches added for clearance. This
will be understood by noting that
when the block g is drawn back
to the position shown in the

figure, the chisel s is raised to

the top of the stroke, by reason

of the diagonal position assumed
by the connection /. The weight
t stops the chisel motion by draw-
ing back the block q upon the

lever A, when the treadle o is

relieved. The chisel is turned
from right to left by the handle u
locking into the catches at v.

The boring spindle n and
auger w are used for starting

mortises in hard wood, the

spindle remaining fixed in the
same plane as the chisel-bar e.

The boring spindle m and auger
x have a transverse adjustment
of 16 in. across the table or the

material, also a vertical range
of the same length ; the trans-

verse adjustment is given by the
lever y, and the downward or

feed movement by the lever z.

For mortising wheel-hubs, a special carriage, Fig. 7381, is employed ; the head and tail stocks a, 6,

slide upon the table c, and are set to suit the length of the hub, one end of which is fastened in the
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chuck d, provided with a plate e, divided like the disc of a wheel-cutting machine, with spaces for
the position and number of the mortises ; the taper of the mortise and the flare of the spokes are
provided for by swinging the carriage c upon the pivot/ by means of the quadrant g and the lever h,
which has stops i, i, i, that are set to suit the kind of wheel-hub that is being mortised.

The disc-pivot m is loose upon the poppet-spindle n, and revolves with the hub. Two hundred
hubs of medium size can be mortised on one- of these machines in ten hours with an accuracy that
is not attainable by hand.

The tendency in wood manufacturing at the present time is to the use of rotary mortising
machinery for nearly all classes of work that have heretofore required the heavier reciprocating
machines

; and there is no doubt that when there has been the same amount of attention given to
the improvement of rotary as there has been to reciprocating mortising machines, there will be
still more of them used.

Keciprocating machines that have a positive connection between the chisel and crank, and are
arranged to feed the lumber up to the chisel, as in Figs. 7382, 7383, are simple in construction and

7382. 7383.

free from many objections that apply to those with a chisel feed. The chisel-bar a is cylindrical,

with a bearing in the driver 6. This slide or driver b is connected to the crank-wheel e by a
rod or connection that passes up on the inside of the main standard d. The driver b moves
in the guides c on the front of the standard d, moving the chisel-bar a up and down through the
top bearing at /. Surrounding the bar a, in this top bearing /, is a shell connected with the grooved
pulley g, through which the bar a plays freely, but is held from turning by means of a feather. On
the under side of the pulley g are two stops that come in contact with the rod h. The belt i passes
around the pulley g, over the idle pulleys, and around the driving shaft aty. This belt maintains
a constant torsional strain upon the pulley g, which, as soon as the rod h is drawn down, will com-
mence to rotate ; but by releasing this stop-rod h instantly, the pulley g makes but a half rotation,

until the stops on its under side arrest its movement, the belt i serving to both turn the pulley g
and the chisel-bar, and to hold them firmly after being stopped by the rod h. By this arrangement
the chisel is instantly turned to the right or to the left to complete both ends of the mortise by the
operator simply depressing the bent handle at h with his hand.

The wood to be mortised is placed upon the table m, and is held down by the guard n, which is

set at various heights to suit the depth of the piece. The table m, with a sliding saddle o, is

raised by the treadle and the screw g. This screw has right and left hand threads fitting into the
pivoted bearings r, r, and serves to adjust the height of the table m by turning the hand-wheel s.

The table m is moved out or in upon the bracket t by the winch a. The bracket is pivoted so as to

be set at various angles for making diagonal mortises.

Machines for cutting tenons in woodwork are constructed under two general modifications, one
with the cutter-spindles parallel to the tenons, and the other with the cutter-spindles transverse to

the tenons. Figs. 7384, 7385, are of one of the first kind of tenoning machine, and Figs. 73SG, 7387,
one of the second.

Referring to Figs. 7384, 7385, a is the main frame ; 6 supports which also carry the bearings c of
the driving shaft d ; e, c, are the main cutter-spindles, mounted on the movable saddles/,/, which
are adjusted up and down upon the stand g by means of the screws h and i, the top Badale / being
raised or lowered by the screw i and hand-wheel /, and the two saddles separateti or brought
together by the screw h ; thereby gauging the thickness of the tenon between the cutter-heads at
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k, or its position on the piece, by raising or lowering both saddles / and / without changing their

relative position.
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The piece to
(
be cut is placed on the carriage I against the guard m, and is held by the clamping

lever n, which is, with the handle o, grasped by the operator's hand. The carriage I is mounted on
rollers supported in the two brackets p, p ; this allows it to move freely by hand without the aid of

power-feeding mechanism, which is not suitable for the operation, the feed requiring to be fast at

some points, slow at others, and at all times regulated by the perception and skill of the operator.

r, r, are coping or scribing spindles, for shaping the shoulders of tenons for moulded pieces,

the cutters s', s', rotating in a plane parallel to the face of the tenon. These spindles receive

motion from the vertical shaft t, Fig. 7385. The tension of the belt u that drives the main cutter-

spindles e is regulated by the pulley v carried on the lever w, which allows the spindle e e to

be adjusted without changing the stress upon the belt. In case of the belt u breaking, a spring

is provided to stop the weight y. Power is communicated to the machine, when from above, to the

pulley z, or when from below, to the fast and loose pulleys at A.
Boring, after tenoning and mortising, is next in importance among the regular operations in

wood framing. Boring machines for regular purposes consist in vertical and horizontal machines,

as they are termed.
Figs. 7388, 7389, are of a vertical machine arranged with two spindles that have a lateral adjust-

ment of 10 in., and a vertical range of 18 in. a is the main frame or supporting standard on which
all the parts are mounted ; 6 is a strong bracket bolted on the front to support the sliding carriage c

;

this bracket b is pivoted, and can be set to various angles on the front of the column a, so that the

timber d can be bored at various angles ; e, e, are boring spindles carried in bearings formed in the

brackets i, i, and driven by the bevel-wheels m, pulleys n, n, and shafts o. The brackets i, i, are

moved out or in upon the frame r by means of racks and pinions operated by the wheels s, s. The
spindles e, e, and augers /, /, are fed down into the wood d by means of the levers i, ¿, and the
handles m, u, and are lifted and kept at the top of their stroke when not in use by means of the

weights v, v. The shafts o move loosely through the pulleys n, n, and the bearings 2, to allow of

the lateral adjustment of the spindles e, e, and brackets i, i. The table or carriage c is moved by
the hand-wheel g and a rack and pinion. The wood is clamped by the sliding jaw h.

Figs. 7390, 7391, are elevations of a horizontal boring machine with a single spindle, a is the
main standard to support the spindle, b a stand to support the lumber, and c, c, auxiliary stands to

support the ends of long pieces. The spindle d runs in bearings attached to the movable frame e,

which slides up or down on the stand a, and is operated by the hand-wheel / and a rack and pinion
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at g. The frame or saddle e is counterweighted by the weight h and a wire rope », passing over the
pulley k. Motion is given to the spindle d by the belt 1 1 from the countershaft to, the swinging

7385.

frame n and weight o compensating for the movement of the spindle d, and keeping the tension of

the belt I uniform. The spindle d is moved forward by the handle r, which is attached to a sliding

rod s set parallel to the spindle dL All the parts are mounted on the sole-plate i, which tonus a base

for the machine. The main column a and the boring spindle with its attachments are often furnished

and operated with the machine, Figs. 7378, 7379, in addition to the mortising attachment, so that

the boring and mortising may be done at the' same time, or either separately, the same carriage

For work of the heavier class the lateral adjustment of the spindles in

V) M
answering in both cases



3106 WOOD-WOKKING MACHINEEY.

horizontal boring machines is necessary, because of the great inconvenience, and sometimes the

impossibility, of moving the lumber instead of the auger.

7388.
7389.
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Regular shaping comprehends a variety of operations that might be termed planing, sawing,
moulding, and so on; but the term is used to convey an idea of special as distinguished from
general operations, where there is not a duplication of pieces nor a large number prepared. Irregular

shaping applies to the preparation of pieces that have irregular outlines, pieces that cannot be
moulded or planed in straight lines or in true circles. The lumber in irregular shaping, as it can
neither be revolved about a fixed centre nor moved in straight lines, has to be formed by patterns

with an outline corresponding to the shape of the finished piece required.

Referring first to machines for regular shaping, they consist mainly of hand-feeding machines ;

the irregular character of the work not justifying or requiring the complication that would be
unavoidable in presenting and adjusting the material automatically. Figs. 7392, 7393, are of a

Ï392

shaping machine that has a great range <-• 7393.

of adaptation for moulding, grooving,

rebating, bevelling, and shaping ; a is

the main frame, cast in one piece ; s is

the cutter-spindle, and o the cutter-

block ; t the driving pulley ; e and /
are tables on which the wood is

moved. Tables e, f, have an indepen-
dent adjustment vertically by means
of the screws c and hand-wheels d,

also a horizontal adjustment on the

top of the brackets 6, so that the

throat at the cutters may be closed

up or widened, as the nature of the
work may require, by turning the
screws m and n. The gauge g can be
set at various angles for bevelled work,
and is supported on the main frame
independently of the tables e and /, so

that they can be raised or lowered
without changing the position of the

gauge. The bracket b is moved for-

ward or back upon the top of the main
frame a so as to receive pieces of any
size within the capacity of the cutters ;

or in case of transverse cutting for

gains or notches, the guard g and
bracket b may be removed, to leave the top of the machine entirely clear,

bolted to the main frame to support the spindle s.

Figs. 7394, 7395, are of a cutting and shaping machine, intended mainly for cutting transversely

gains or notches, or shaping the ends of framing for railway-carriage work, to which the machine is

especially adapted.
Its functions and movements conform somewhat to those of a metal-shaping machine, except in

respect to the cutters, a is a cored box frame that supports the cutting mechanism, consisting

of the cutters », spindle t, and the reciprocating cutter-bar c ; w, w, are wrought-iron rails, upon which
the carriage c is moved by the pinion at o aud the large hand-wheel k ; d is the lumber to be cut,

which is placed upon the table c, either parallel or at an angle, as may be required, and held by
9 H 9

m is a strong bracket
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wedges or screw-clamps. The carriage c is provided on its front edge with a series of stops m, m, m,

that come in contact with the hinged dog n and determine both the length and position of the

7394.
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7395

notches or gains that are to be cut on each piece. The bar e has a reciprocating movement of eight

strokes a minute given to it by the gearing at p, the lever j, and link h. A crank on the inside of

the frame working into a slot in the lever j gives a slow forward and a quick movement back
stroke to the bar e ; this arrangement also provides for a more uniform rate of movement in the
forward stroke than would be attained with a positive crank and link connection.

The traversing movement of the cutters and saws at i is variable by adjustment from to 20 in.

The cutter-spindle t is inserted in the bearings u cast upon the sliding saddle g ; this saddle is

balanced by the weight r, and is moved up or down at will by the operator, who keeps his hand
upon the handle at the end. The reciprocating movement of the bar e is slow enough ; thus
there is time in the intervals at the change of the stroke to raise the saddle g and cutter-spindle t

on the back stroke and depress them again, so that the cutters i are brought in contact with the
wood on the forward stroke. The depth of the cut is regulated by a system of adjustable stops at
s, s, s\ s', which are operated at will, and give four independent adjustments to the saddle g or
the cutters i. The cutter-spindle t is driven from the shaft at /, also carried on the reciprocating
bar <?, and is bolted from above to preserve a uniform tension of the driving belt x ; there is also a
belt to drive thi> reciprocating gearing at p. This machine has been applied to the manufacture of
hatch gratingc and other purposes in dockyards.
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Fig. 739(3 is a perspective elevation of an irregular shaping machine with right and left spindles,

for moulding forms from patterns. Fig. 7397 is an enlarged view of the cutters and clamping

7396.

collars. 6 ò b is the frame that supports the two spindles a, a, and the top or

table g ; the spindles a, a, have a rotary motion in opposite directions given by the
angular belts » connecting them with the countershaft /. The spindles a, «, are
raised or lowered independently by means of the gearing e and hand-wheels d.

The two spindles require an accurate adjustment vertically, so that the cutters
will produce the same form in changing from one spindle to the other to suit the
grain of the wood. The two spindles are required so that by changing the work
from one to the other the cutting may be done with the grain, and thereby guard
against accidents. The cutters, which have to be in duplicate pairs right and
left hand, are held between the ring-collars, Fig. 7397. These collars s, s, have
triangular notches or grooves that embrace the ends of the cutters, which are
bevelled off to fit as at o. By using a number of these collars s, of proper width,
various combinations of cutters may be formed so as to produce mouldings of

different kinds.

The wood is mounted on and fastened to a model that has the same outline as
the piece wanted, except that the edges are square, and rest against the running
collars at m. By pressing the pattern or form against the spindle and moving it

along at the same time, the wood is acted upon and shaped by the cutters o.

Fig. 7398 is an irregular shaping machine with automatic action, by Fd. Arbey,
of Paris, adapted to the manufacture of gun-stocks, handles for tools, wheel-spokes,
shoe-lasts, and so on. A is the framing, bolted together in the usual manner ; a is

a strong sliding carriage moving on planed guides w, by means of feeding mecha-
nism on its under side driven by the gearing at n ; b is a swinging frame pivoted
at the centre t, and provided with bearings for the cutter-spindle d; i, /, /, ?', are

supports for the blanks to be shaped, and the two stands o, for the patterns or

forms. These stands, i and o, correspond to the poppet-heads of an ordinary lathe, and have coun-
terparts or head-stocks s, at the opposite end of the carriage a, which are provided with revolving
or driving spindles driven by bevel-wheel s m.

The blanks being placed between these points are with the patterns e all revolved in unison by
the gearing at m. At u u, surrounding the cutter-spindle, are spherical bearings that have the
same curvature as the cutters c,c,c,c, and rest on the two patterns e

y
e. By rotating the patterns

e, e, an oscillating motion is given to the frame b, conforming to the changes of the pattern < as it

progresses with the carriage a, and the cutters c, c, c, c, cut four duplicates from the blanks that
have been placed between the patterns e, e, on the stocks », i, ¡, i. The feed-motion of the oarriage i

is arrested by the mechanism seen at/. The cutter-spindle d receives motion from the pulleys r.

Fig. 7399 is another automatic-acting machine for shaping irregular forms arranged to aot
upon one blank at a time, but capable of producing more intricate forms, especially tool-handles
that are long, and too flexible to be acted upon with the ordinary cutters ; a is the framing, in this

case of wood, which is for some reasons preferable; i are the cutters that act upon the handle c;

e is the pattern, o is a pulley mounted on a short shaft provided at each end with spur centres

that give a coincident rotation to the piece c and the pattern e ; the pattern e resting on a, the
convex support at n causes a vibrating or rocking motion of the main carriage mj on which is

mounted the supports for the handle and pattern. This carriage m has a longitudinal feed-motion
imparted to it by a screw or a chaiu placed behind it, and not seen in the engraving. The rotation

of the piece c and the end movement combined causes the saw i to cut away a narrow section of
wood in a spiral line, the cutters acting so rapidly, and the intervals between cutting being short,
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the strain upon the piece c is so inconsiderable that even the thinnest handles can be formed from

large or crooked pieces. These machines are extensively used in North America for manufacturing

7398.

axe, hammer, and pick handles, the product a day being about 300 pieces to each machine, two of

which one man can attend.

Dovetailing Machines.—It is difficult to account for the many and persistent experiments that

have for sixty years past been made in endeavouring to produce dovetailing machines. There is

certainly much less economy of labour to be expected from a successful dovetailing machine than
almost any other directed to wood conversion; and the many inventions of machines of this kind
have been called out rather from a spirit of ingenuity than from any considered advantage to be
gained by them.

In dovetailing furniture drawers, which comprises the greater share of the dovetailing that is to

be performed, there is but little need of dovetailing machines. No other operation connected with
the manufacture of such drawers can be so rapidly and so perfectly done by hand as the dove-

tailing.

It
-

is one of those peculiar operations where but little power and but a limited amount of edge
can be applied, and the adjustment or changes are so numerous and rapid that judgment is

continually necessary in directing the tools, while the strength of the operator is not only sufficient

for the work, but is equal to the amount of power that can be applied by machines.
Sir Samuel Bentham eighty years ago invented the conical cutter dovetailing machine, and
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describes it in 1793. Nearly all machines since invented have been modifications of his principle,

Armstrong s forming the most notable exception, and the result, taking the history of the whole
art since Bentham's time, may be summed up in the statement that while dovetailing machines
have effected a considerable saving of labour in certain kinds of work, such as making plain

rectangular boxes, packing cases, and other work where the joins and holes are pervious ; yet

7400. -^sa*

drawer making and the finest classes of dovetailing are done as cheaply and as well by hand as

by machines. This statement is not so much based upon tho assumed conditions of the work, nor
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the nature of the machines, as upon the fact that but few wood manufacturers use dovetail

machines except for. rough work that admits of a great range of duplication.

7402.

Considered as a machine of novel construction, and apart from the importance ot the work
performed by it, the dovetailing machine of S. T. Armstrong, New York, is one of the most remark-
able ever introduced for working wood. For the manufacture of rectangular boxes and for work
where open dovetailing is allowable, this machine prepares the lumber in a rapid manner, because
of the number of the cutting edges, as these obviate the dulling and wear which invariably occurs

wiih machines for similar purposes having only a limited edge.

Figs. 7400 to 7404 are of Armstrong's machine ; Fig. 7400 is a side elevation, Fig. 7401 a back
elevation, and Fig. 7402 a plan.

The two compound circular saws A and B, each about 2 ft. diameter, are placed inclined to one
another at an angle of 18°, Figs. 7401, 7402, corresponding to the inclination of the two sides of the
dovetail pins, and they are geared together by two bevelled-toothed rings upon their inner faces.

The saws run loosely upon two short fixed axes, and one of them A is driven by the main driving
shaft C through the intermediate bevel-wheel D, which gears into a corresponding toothed ring on
the outer face of that saw ; the second saw B is driven by the first one A.

The two inclined axes of the saws, one of which is shown separately at E in the section,

Fig. 7404, are fixed upon the faces of two small circular discs F ; these discs are parallel to one
another, and each has a spindle G on the outer face. The two spindles are both in the line of the
driving shaft O, and turn in two sockets in the machine frame. The discs F, F, have two toothed

Sectors I, I, fixed upon them, which gear with two pinions on the shaft J J, so that on turning this

shaft by the handle H the inclined axes of the two saws are turned round simultaneously through
a quarter revolution ; the direction of their inclination is thus changed from vertical to horizontal

or th reverse, and the point of contact of the two saws is rolled round through a quarter of a
revolution. The connection with the driving shaft C for driving the saws is preserved during this

change of position by the intermediate bevel-wheel D continuing in gear, whilst rolling round into

the position shown by the dotted lines in Figs. 7400, 7401, the wheel D being carried upon the arm
"I' one of the toothed sectors I. The object of this movement is to change the action of the saws
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from cutting the pins to cutting the holes of the dovetails. The wood to be cut is clamped down
upon the table K, Figs. 7400, 7402, which is placed radially to the saws, so that the cuts are at right

7404.

angles to the face of the wood, and when the dovetail holes are to be cut, the two saws are required
to be at their full inclination to each other in plan, but parallel on the edge of the wood, as in

Figs. 7407, 7408, so that one saw cuts the right-hand side and the other the left-hand side of each
dovetail hole ; and the two oblique axes of the saws are made for this purpose at the inclination to

give the angle of 18° between the two saw faces. But when a rotation of a quarter of a circle is

given to these two axes by means of the toothed sectors I, I, the direction of their inclinations is

then brought at right angles to the face of the wood to be cut, as in Figs. 7405, 7406, and the edges
of the saws, where in contact with the wood, are parallel to one another in plan but inclined in

elevation, so as to cut the dovetail pins with parallel sides on the face of the wood, Fig. 7405, but
inclined on the edge of the wood, Fig. 7406. By this means the pins aud holes of the dovetails are

formed at exactly the same inclination, by the simple expedient of cutting them at two different

points of the circumference of the saws, at right angles to each other.

Each saw cuts one half of a pin or hole in a single revolution. The saw-blade is made plain for

the first three-quarters of its circumference, like an ordiuary circular saw, but with a spiral outline

gradually increasing in diameter, as shown in Fig. 7403, so as to increase the depth of cut con-
tinuously until the bottom of the dovetail is reached. The last quarter circumference of the saw-
blade is made truly circular, but has the cutting edge bent over at right angles, so as to cut at the
side, for cross cutting the bottom of the dovetail ; and the lateral projection of the flanged blade
gradually increases until it is equal to half the width of the bottom of the hole. For cutting the
pins of the dovetail, the two saws being then parallel in plan, Fig. 7405, the flanged saw-blades
have the edge bent over inwards exactly at right angles, for cross cutting the bottom of the dove-
tail ; but for cutting the holes, the flanged blades are bent over outwards to an angle of Sl° as in
Fig. 7407, the two saws being then inclined at 18° towards each other iu plan.

In order to traverse the wood for obtaining a succession of cuts, the table K on which it is

clamped is traversed across in front of the saws with a continuous feed-motion by means of the bed-
screw L, driven by spur-gear from the main shaft O ; and the blade of each saw, instead of being at

right angles to the axis upon which the saw revolves, is set inclined like a screw-thread, with 1-iu.

pitch, that being the intended pitch of the dovetails. The bed-screw L also traverses the wood 1 in.

forwards in each revolution of the saws; and the saws and the wood are consequently made to

traverse exactly together, each saw following up its own cut correctly, until the cut is compieteli at

the end of one revolution of the saw; and the saw then commences the next cut at the pitch of

1 in. The second saw B does not commence cutting until the first saw A has advanced a certain

distance in the work, as in Figs. 7405 to 7412 ; and it continues cutting throughout at the same
distance behind the first saw, but completes all the pins or holes at the end.

The saw-blades are made in short segments, each 6 in. long, Fig. 7403, and are fixed in their

places by fitting into a turned recess M M in the circumference of the cast-iron boss B ; they aie

held in their places by a series of segment plates N, N, at the back, tightened up by two bolts each.

The saw segments are readily released and changed, when it is required to set the machine for a

different size of dovetail, or to change from cutting the pins to cutting the holes ; and five different

sets of blades are kept for this purpose, to give the extent of range in dimensions of dovetails that

is required with each machine; the several sets vary proportionately both in the plain and the
flanged portions of the blade.
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In changing the machine from cutting the holes to cutting the pins of the dovetails, the two

saw-blades require a slight adjustment endways relatively to each other, in order to take up the

7405. 7407.

7409
7410.

slack that would be caused in the fit of the dovetails by the thickness of the saw-cuts themselves,

and to make the pins fit true and tight in the holes without any shake. This adjustment is obtained
by rotating the second saw B a certain distance round upon its axis E, Fig. 7404, the toothed driving
ring R R being for this purpose made loose upon the boss B of the saw, and locked to it by the pin
P for driving the saw. As the circumference of the saw-blade is itself in the form of a screw-thread
of 1-in. pitch, the effect of turning the saw round upon its axis E is to shift endways the point of

commencing the cut ; and by this means therefore the cut of the second saw is made to follow that
of the first at the required distance. The ring R R is marked with graduations corresponding to

the several adjustments required for changing the machine from one size of dovetail to another, or

from cutting the pins to cutting the holes of the dovetails ; and the adjustment includes the required
allowance for clearance, to make the pins and holes fit together with any degree of tightness that is

desired, without requiring any dressing by hand.
The saw segments are all made exact duplicates of one another in the portions fitting on the

boss of the saws ; and consequently in the wear of the saws, as the segments become gradually
reduced in diameter by the sharpening, they are simply shifted each to the adjoining place in the
circumference of the saws, a new segment being required only for replacing the last or largest

flanged segment. The change also from the flanged to the plain segments is made by filing down
plain teeth in the first flanged segment when worn out.

The table K carrying the wood is made with a hinge movement, so that it can be inclined at an
angle of 45° to its usual radial position, as shown by the dotted lines at T.

The table K is mounted upon two slides at right angles to each other, like the slide-rest of a
lathe ; the lower slide receives the traverse feed-motion from the bed-screw h, and the upper slide

is moved inwards towards the saws by the hand-lever U, through a distance equal to the depth of
the dovetails. The upper slide also carries a half-nut, which gears with the traverse screw L ; so

that when the wood is advanced up to the saws by the hand-lever U, the nut is at the same time
thrown into gear with the screw L, causing the traverse feed-motion of the wood to commence.

A scriber S is used to mark off on the under side of the wood the bottom line of the dovetail pins
and holes, in advance of the saws, to prevent the edge of the wood from being broken on the under
side. This scriber serves also as a gauge for setting the edge of the wood to be cut, which is first

clamped down upon the table K with its edge level with the scriber S, and the wood being then
moved inwards towards the saws by the hand-lever U, this gives the correct depth of cut for the
dovetails.

The working speed of the machine is 150 revolutions a minute, one pin or hole of the dovetail

being cut at each revolution.

tivart's Dovetailing Machine.—The machine, Fig. 7413, is one of the most complete of those
operating with conical cutters capable of dovetailing at various angles, and can be used to

advantage in ship joinery or elsewhere when drawers or boxes are made of other than a rect-

angular form.

A is the spindle-frame in which is mounted six or more cutting spindles all driven by the
belt B. This frame is supported on the cylindrical slide-bar C, that allows the cutters and
spindles to be raised or lowered by means of the hand-lever D and the link I.

The carriage A moves horizontally on slides, and is guided in this direction by the bar K.
"When this bar K is set in a line coincident with the sliding support C, the spindle-frame and
cutters rise and fall vertically ; but when the guide-bar K is set at an angle it gives a compound
motion to the spindle-frame A in rising and falling, and the cutters pass through the wood, which
is placed on the platform at the rear of the machine, at an angle to correspond with that of the
guide K. The various angles and movements being graduated by figured scales, render the
adjustment simple and sure.

The table on which the wood is placed and the clumps operated by the wheel F have also
various adjustments that give a large range of functions to the machine.

(
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7413.Automatic Turning Machines,—
This class of machinery has re-

ceived a great deal of attention

in the United States of America,
where wood turning is exten-
sively carried on.

Hand turning is not only
expensive as a wood-converting
process, but is also very imper-
fect so far as the attainment of

accurate or uniform sizes and
configuration is concerned, and
there has been no want of in-

centive for the development of

machine turning.

It was for a long time re-

garded as impracticable to pro-

duce smooth work by machine
processes ; the configuration and
accuracy were easily attained, as

well as the expected gain in the
speed of the operations, but the
smooth surface that is left by
hand chisels seemed to be un-
attainable by the machines. In-

genuity and perseverance, how-
ever, finally triumphed over this

obstacle, and machine turning is

now performed quite as smooth
as hand turning. The machine
shown at Fig. 7414 is a modifi-

cation of one of the American
automatic lathes. There are

others that operate upon analo-

gous principles, but the one
selected will convey a correct

idea of their operation.

The lathe in all of its parts corresponds to an engine lathe for metal turning, having a slide-

rest and screw-feed, with planed guides and a sliding tail-stock. The wood is placed between
the centres, and is first acted upon by cutters, that reduces it to a cylindrical form, and to fit a
die or ring-rest attached to the
sliding carriage ; behind this

rest there follow two or more
hinged tools that are raised and
lowered by means of the pat-

tern a, on which they slide

giving form to the piece, but
leaving it rough. As the car-

riage moves along, the frame c

moves down at the same time,

bringing the cutter e in contact

with the piece. This cutter e

is shaped on its face so that

the edge follows the profile of

the piece and takes off a thin

shaving in the same manner as

is done with a hand chisel,

leaving the surface smooth.
The frame c rises and falls

automatically; in fact, all the

movements except placing the

wood and starting the wood,
are automatic. The cutters are

shaped by automatic machinery
in their manufacture, and their

expense is so reduced as to form
no obstacle to their use.

See Machine Tools.
WORM. Fr., Filet d'une vis ; Ger., G eie inde : Ital.. Vite perpetua ; Sfan., Tomillo sin

The thread of a screw is called the worm. The name is also given to a short revolving screw,

the threads of which drive a wheel by gearing into its teeth or cogs ; a worm-wheel.

WRENCH. Fr., Tourne à gauche ; Ger., Windeisen ; Ital., Chiave da dadi; SPAN., Destornillador.

See Hand-Tools.
ZERO. Fr., Zéro; Ger., Null; Ital., Zero; Span., Zero.

Zero is the point from which the graduation of a scale, as of a thermometer, oommenoes. Zero
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ZINO.

in the thermometers of Celcius and Kéaumur is at the point at which water congeals. The zero of

Fahrenheit's is fixed at the point at which the mercury stands when immersed in a mixture of

snow and common salt. In Wedgewood's pyrometer the zero corresponds with 1077° on Fahren-
heit's scale.

ZIGZAG. Fb., Zigzag ; Geb., Zickzack.

See Foktification.
ZINC. Fr., Zinc ; Ger., Zink ; Ital., Zinco ; Span., Zinc.

The name zinc is derived from the German zinn, tin, with which metal zinc was for a long time
confounded. Commercially, it is known as spelter. Zinc is a bluish-white metal, very lustrous

externally, and when broken exhibits a foliaceous crystalline texture. At ordinary temperatures it

is somewhat brittle, but when heated above 212°, it becomes perfectly ductile and malleable, and
may then be beaten out into thin sheets, or drawn out into wire. At a temperature of 400° it

becomes so exceedingly brittle that it may be easily pulverized. At 773° it fuses, and above that

temperature it is volatilized, and may be distilled. If the vapour be exposed to the air, it burns
very brilliantly with a bluish-yellow flame, and is converted into oxide of zinc, which is deposited in

copious white flakes, the flowers of zinc, or lana philosophica of the older chemists. In this state of

oxide, it is largely prepared as a pigment, and is known as zinc white. It is of a purer colour than
white-lead, and, unlike the latter, it does not tarnish and blacken with sulphuretted hydrogen ; it is

also much healthier for use by operative painters, but unfortunately in this respect, its use is limited

by a want of body. The discovery, towards the beginning of the present century, that zinc could be
rendered malleable and ductile has greatly extended its uses, and placed it in a position of con-

siderable importance with respect to the other metals. One property possessed by zinc is that of

becoming coated, when exposed to a moist atmosphere, with a thin compact film of oxide, which
effectually protects the metal beneath from further oxidation. Hence the value of zinc as a material
for roofing, and also for protecting the surface of iron from oxidation.

The symbol of zinc is -Zn; its atomic weight, 32 '75 ; molecular weight, 32*75; specific

gravity, 6 '8.

Zinc is found in nature only in a state of combination ; its principal ores are the sulphuret
known as blende, and the silicate and carbonate which are confounded under the name of calamine.

Blende, called in Cornwall black-jack, contains when pure about 67 per cent, of zinc ; it is, however,
seldom found in a pure state. The usual composition of English blende is zinc 61, iron 4, and
sulphur 35. It occurs in all the older geological formations, and is frequently found associated with
the ores of copper and tin, but chiefly with the ores of lead. In this country the localities which
produce blende are Wales, the Isle of Man, Derbyshire, and Cornwall. Sweden is very rich in this

mineral, and in several localities on the Continent it is found in considerable quantities. Blende is

of a brownish colour ; but in this country, in consequence of the presence of sulphuret of iron, it has
a dark appearance ; hence its name of black-jack. It crystallizes in the form of the rhomboidal
dodecahedron, and the crystals possess considerable brilliancy. Calamine, when pure, contains

about 52 per cent, of zinc; but its composition varies much. It is usually of a dull yellow or of a
reddish-brown colour ; its primitive crystalline form is the rhombohedron, but, like blende, it

occurs more frequently massive than in crystals. Formerly large quantities of this mineral were
raised in Somersetshire and exported as ballast, its value being then unknown ; Cumberland is the
only locality in this country that now produces calamine in considerable quantities. Belgium,
Silesia and Carinthia, and the north coast of Spain, are rich in this ore.

Zinc is extracted from its ores by calcining them with carbon, after having roasted them and
reduced them to a fine powder in clay pipes arranged in furnaces constructed for that purpose. The
blende is converted into oxide by oxidation, and the carbonate also gives oxide by losing carbonic

anhydride. The oxide when calcined with carbon gives metallic zinc. The apparatus employed in

the reduction of zinc may be constructed to allow the metal to flow out at the bottom as it fuses;

this method is known as distillation per descensum, and is the one usually employed in England.
With another arrangement of the apparatus, the zinc is reduced to vapour and then distilled ; this

latter method is known as distillation per ascensum.

The zinc of commerce is never perfectly pure ; it always contains a little carbon, arsenic, iron,

manganese, and more rarely, tin, copper, lead, cadmium, and sulphur. It cannot be freed from
these metals by distillation even. The best way to obtain it pure is to reduce pure oxide of zinc by
equally pure carbon, prepared by calcining loaf-sugar. Zinc decomposes vapour of water at 212°

;

when cold, it substitutes itself for the hydrogen of the acids ; the preparation of hydrogen is founded
upon this property. Gold, silver, platinum, copper, bismuth, antimony, tin, cadmium, mercury,
lead, and the other metals less oxidizable than itself, are precipitated by zinc from their saline

solutions. When hot, the hydrates of potassium and sodium, and even the solution of ammonia,
dissolve zinc with a liberation of hydrogen. With the fixed alkalies, there is formed in this case
alkaline zincates.

2(!}e) + *» = I> + £}
Potassa. Zinc. Zincate of potassa. Hydrogen.

As a diatomic metal, zinc combines with two atoms of chlorine, bromine, and iodine, giving a

chloride -Zni p, , a bromide Zn< -p»

r
, and an iodide Zn< j . It forms besides with oxygen a protoxide

ZnO, and a binoxide Zn0
2 . To the protoxide corresponds a hydrate -rVfO,,, which furnishes a

series of salts by the substitution of the radical acids for the typical hydrogen it contains. With
sulphur, zinc forms but one combination, namely, a monosulphide 5kiS, which, under the name of
blende, is the most abundant of its ores. The combinations of zinc with the monatomic metalloids
have now to be considered.
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(Cl
Chloride of Zinc, Zn < ™ .—Chloride of zinc may be obtained by heating zinc in a current of

chlorine. The metal burns in this case, and is converted into chloride. But this chloride may be
obtained much more rapidly and cheaply by dissolving zinc in hydrochloric acid.

Ba + 2(ci})
= *n{g + 1}

Zinc. Hydrochloric acid. Chloride of zinc. Hydrogen.

When the metal is dissolved, the solution is filtered to remove the impurities that do not dissolve,

and afterwards evaporated. As soon as evaporation is complete, the mass is fused and run upon a
clean stone, and immediately after solidification pounded and placed in a well-stopped bottle. If it

were allowed to cool while exposed to the air, it would become moist on the surface. To the older
chemists this substance was known as butter of zinc. If instead of completely evaporating the solu-

tion the operation be stopped when the liquor has become very concentrated, the chloride will be
deposited by the cooling of the solution in hydrated crystals.

Chloride of zinc is of a greyish colour ; it fuses at about 482°, and at 752° it begins to vapourize.
It is an extremely diliqueseent substance. It evolves much heat on dissolving in water, and its

avidity for this liquid is such that it destroys the tissues of the body by taking up the water which
they contain. For this reason it is often employed in medicine as a caustic. Alcohol also dissolves

chloride of zinc. If such a solution be heated the alcohol will be dehydrated, and according to the
proportion of chloride employed, there will be produced ethylene €2 H4 , or ether 64 H 10 0.

@2ÏÏ
6
O

Alcohol.

2 62 H6

Alcohol.

H2

Water.

H
2

AVater.

+ €2H4

Ethylene.

Ether.

-The bromide is obtained in the same way as the chloride, and it
(Br

Bromide of Zinc, Zn < -o

,

possesses similar properties.

Iodide of Zinc, Zn ¡
j

.—This substance is prepared by pounding iodine and zinc dust in water
;

it is of a white colour and is soluble in water. Iodide of zinc is of very little importance ; according
to Bouchardat it might be employed in medicine in preference to the iodide of lead.

The combinations of zinc with the diatomic metalloids serve some important uses, and offer

several points of interest.

Protoxide of Zinc, Zn €h—For industrial purposes, some of which we have already alluded to, the
protoxide of zinc is prepared directly by the combustion of the metal. This is effected by heating
the zinc till it gives off vapours, and then setting it on fire ; the smoke caused by the combustion is

carried by a current of air through a series of chambers where the oxide is deposited. The oxide
of zinc is also prepared by heating the hydrate of this metal, by calcining the nitrate or the
carbonate, and by heating the bisulphite obtained by the action of sulphurous anhydride upon
blende pulverized and in suspension in water. At ordinary temperatures this oxide is white ; it

becomes yellow when heated, but resumes its original colour on cooling. "When obtained by the
calcination of the metal, it is light and has a woolly appearance ; if prepared from the bisulphite,

it has a spongy appearance, but is equally light ; but when obtained by calcining the nitrate, it is

pulverulent and heavy.
The oxide of zinc is absolutely fixed ; water dissolves only 100

1
000 of it, but this is sufficient to

be sensible to litmus paper. It is a basic anhydride, making the double decomposition with the
acids, and gives well-defined salts, isomorphous with those of magnesium.

Znl
Hydrate of Zinc, „ > 2

.—If an alkaline solution be poured into the solution of a salt of zinc,

a precipitate is formed which, when collected upon a filter and well washed, constitutes the hydrate
of zinc. This hydrate loses a molecule of water under the influence of heat, and leaves a residue of

anhydrous oxide of zinc. •

Hydrate of zinc produces the double decomposition with the acids, and gives salts which are due
to the substitution of the radicals of these salts for its typical hydrogen. It must be considered as

a somewhat powerful base ; yet in the presence of the very powerful bases, it may also exchange its

hydrogen for a metal and give zincates ; in such a case it plays the part of a weak acid.

i. £) e* +
Hydrate of zinc.

Hydrate of zinc

2. +

nitric acid.Nitric acid.

2

Potassic hydrate.

Zn
(NO,*}

e,

Kitrate of zinc.

(!}•)

+

+
Water.

•gW
Water.

Zincate of potassa.

Sulphate of Zinc, „ 2
>

2
.—In the laboratory, sulphate of zinc is prepared by dissolving metallic

zinc in dilute sulphuric acid.

Zu

Zinc. Sulphuric acid. Sulphate of zinc. Hydrogen.

The residues from the preparation of hydrogen are utilized for this purpose ; these liquors need only
to be filtered and crystallized.
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For industrial purposes, it is prepared by roasting blende or natural sulphide of zinc ; oxygen
thus enters into combination with this substance and converts it into a sulphate. The mass is then
treated by water, which dissolves the sulphate of zinc; it is afterwards decanted and crystallized.

•(I})
= 6

£}
Sulphide of zinc. Oxygen. Sulphate of zinc.

.
*nS + 2 2 = ^ «.

To render it more easy of transport, this salt is fused in its water of crystallization and run into

cakes.

Sulphate of zinc dissolves in two or three times its weight of water at ordinary temperatures.
At these temperatures it crystallizes with 7 molecules of water of crystallization ; it may also crys-

tallize with different quantities of water when the conditions under which crystallization takes
place are varied. In every case the crystals of sulphate of zinc are isomorphous with those of the
sulphate of magnesium that contain the same quantity of water.

This sulphate combines with the alkaline sulphates, and gives double salts which crystallize

with 6 molecules of water. The double salt of zinc and potassium corresponds to the formula

When heated to a high temperature, sulphate of zinc is decomposed, and leaves a residue of

oxide of zinc.

Binoxide of Zinc, Zn 2
.—The binoxide is obtained by acting on the protoxide with oxygenated

ZnO + H2 2 = H2 + Zn03

Protoxide of zinc. Oxygenated water. "Water. Binoxide of zinc.

It is a very unstable substance.

Sulphide of Zinc, Zn S.—Sulphide of zinc is found native, and, under the name of blende, consti-

tutes, as we have seen, the principal ore zinc. It may be obtained artificially by precipitating

a salt of zinc by means of the soluble sulphides.

>¿}e2 + !}fl = s
f|}ef + znsse2

ZnJ
Sulphate of zinc. Sulphide of Sulphate of Sulphide of zinc.

potassium. potassium.

"When roasted, the sulphide of zinc is converted, according to the temperature, either into a
sulphate or into sulphurous anhydride and oxide.

e21. ZnS + 2(|})
= S

|¿}.
Sulphide of zinc. Oxygen. Sulphate of zinc.

;

2. 2ZnS + 3 (e})
= 2S02 + 2ZnO

Sulphide of zinc. Oxygen. Sulphurous '_ Oxide of zinc.

anhydride.

Sulphide of zinc dissolves in the acids with a liberation of hydrosulphuric acid.

ZnS + 2
(ci}) = Mel + I} 8

Sulphide of zinc. Hydrochloric acid. Chloride of zinc. Sulphuretted
hydrogen.

Carbonate of Zinc.—The carbonate of zinc is also found in nature, and is known as calamine. It

is one of the ores of zinc ; but, except in the metallurgy of zinc, it has not been applied to any
purpose.

Reactions of the Salts of Zinc.—The characteristics of the salts of zinc are the following ;

—

1. Hydrosulphuric acid does not precipitate them, unless the salt is derived from a weak acid,

such as acetic acid, in which case a white precipitate of sulphide of zinc is formed.

2. Both potassa and ammonia throw down from their solutions a white precipitate of hydrate of

zinc, soluble in an excess of the reagent.

3. Sulphide of ammonium produces in them a white precipitate of sulphide of zinc, soluble

in dilute hydrochloric acid.

4. The carbonates of potassium and sodium give with the salts of zinc a white precipitate of

carbonate of zinc insoluble in an excess of the reagent.

5. The carbonate of ammonia acts in the same manner ; but in this case the precipitate dissolves

in an excess of the reagent.

Professor Miller sums up the characters of the salts of zinc as follow ;—The salts of zinc are

colourless ; their solutions have an astringent metallic taste, and act rapidly as emetics. They are

distinguished by giving no precipitate in acid solutions with sulphuretted hydrogen, but they yield
a white hydrated sulphide of zinc with sulphide of ammonium.
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A,ABACUS, 1.

Abattis, 4.

Abattoir, 5.

Absorption, 421.

Abstracting dimensions, 5.

Abutment, 5, 695.

Abutting joint, 5.

Accelerated motion, 5.

Acceleration, 5.

Accumulator, Armstrong's, 1963.

Achromatic lens, 8.

Acre, 8.

Acreage, railway, calculation of, 2710.

Adams' bracket fastening for permanent way,
2592.

brake, 595.

girder rails, 2594.

suspended girder rails, 2595.

Addis' wrougbt-iron sleepers, 2589.

Addressing macbine, 8.

Adhesion, 8, 1341.

of locomotives, 1341.

Adit, 1 0.

Adze, 10.

Adzes, 1806.

After-damp, 10.

Agricultural engines, 32.

implements, 11.

Aicb's metal, 33.

Air-blower, Gwynne's, 377.

brick, 33.

chamber, 34, 2677.

compressing engine, 520.

compressor, 524.

drain, 36.

engine, 36.

escape, 37.

grating, 34.

gun, 38.

boles, 38.

pipes, 38.

pumps, 39. 2691.

Barnett and Foster's, 2691.

resistance of, in mines, 62.

shaft, 41.

stove, 41.

trap, 41.

valve, 41.

velocity of, in mines, 69.

way, 41.

Ajutage, 41.

Albert Harbour at Greenock, 1838.
Albini's snip's compass, 1010.

Algebraic signs, 41.

Allan's feed-pipe connection for locomotive
boilers, 1463.

Alloys, 46.

component elements of, 49.

fusibility of, 47, 49.

hardness of, 48.

of antimony, 111.

of arsenic, 145.

of bismuth, 337.
of copper, 1060.

of gold, 1697.

of iron, 2038.

of lead, 2214.
of manganese, 2354.
of silver, 2874.
oxidation of, 48.

specific gravity of, 47.
Alluvial deposits, 50.

Aluminium, 50.

bronze, 51.

Amalgam, 51.

Amalgamating machine, 51, 1118.
pan, 55, 2879.

Amalgamation pan, 54.

Amalgamator, Attwood's, 55.

Ambler's continuous brake, 585.

Ambulance, 56.

Ammonia in water, 3053.

Ammunition, 58.

Amsterdam level, 113.

Analysis, water, 3052.
Anchor, 58.

for steam ploughing, 12, 22.

of Victoria Dock gates, 60.

Andre's hydraulic mining pump, 2677, 2686.

Anemometer, 61.

Angle-bead, 90.

brace, 90.

brackets, 90.

iron, 93.

of friction, 92.

of repose, 92, 95, 2741.
or V bobs, 2676.—— rafter, 95.

Angular motion, or velocity, 95.

Animal-charcoal machine, 104.

Annealing furnace, 110.

kiln, Crossley's, 2188.

steel for cutting-tools, 202.
Annular piston, 110.

Anstruther's electro-chronoscope, 1771.

Anti-corrosion, 110.

Anti-corrosive paints, 1093.

Anti-friction curve, Schiele's, 1586.

Anti-friction metaL 110.

Antimony, 110.

Anvil, 112, 1808.

Aperture, 112.

Appleby Brothers' pile-driver, 2635.

Appold's brake apparatus for laying submarine
cables, 619.

Appolt's coke-ovens, 2556.

Approaches, 112.

Apron, 112.

in ship-building, 112.

lining, 113.

piece, 113.

Aqueduct, 113, 2147.

Arch, 121.

basket-handled, 265.

oblique, 700, 727, 790, 2517.

calculation of curves, 2522.

development of the curve of oblique

section, 2518.

example of, 2526.

imposts, 2525.

projection of spiral line upon a

cylindrical surface, 2519.

projection of spiral surface, 2519.

to find the oblique section, 2518.

twisting rules, 2523.

voussoirs, 2523.

Arched truss, McCallum's inflexible, 677.

Arches, abutments and piers of, 695.

buttresses, 697.

elliptical, 684.

general information for, 695.

general observations on the construction of,

697.

head-rings, 696.

parallel, in echellon, 734.

piers, 697.

plinths and cordons, 696.

proportions of various parts, 696.

segmental, 688.

semicircular, 684.

voussoirs, 696.

Archimedian screw, 123.

Area, 128.

drain, 128.

Areas, water supply and drainage, 3061.

Argentan, 128.

Armandie's balance-beam pump, 1945.

I Arm-band, 128.

Arming press, 129.

|

Armour, 129.

Armstrong's accumulator, 1963.

dovetailing machine, 3112.

Arrastre, 142.

. Arris, 143.

\

fillet, 143.

gutter, 143.

rail, 143.

wise, 143.

Arsenic, 144.

Artesian well, 145.

Artificial stone, 160.

water-channels, 3062.
Artillery, 160.

Ashlar backed with rubble, 2375.

bastard, 265.

in copings, 2376.

or ashler-work, 179, 2373.

Ashlering, 179.

Ash-pan, 180.

pit, 180.

Asphalte, 180, 939, 2783.

composition for street paving, 939, 2783.

Assay balance, 217.

Assaying, 182.

Atom, 189.

Atomic weights, 189.

Attemperator, 196.

Attic, 197.

Attwood's amalgamator, 55.

machine, 7, 197.

Auger, 197.

Autodynamic elevator, Champsaur's, 1938.

Automatic shaping machine for wood, 3115.
Awl, 203.

Axe, 203, 1806.

Axis, 203.

Axle-bearings, machine for boring, 2345.
box, 211.

grease, 203.

lathe, 2342.

tree, 211.

Axles, 203.

railway, 2402.

B»ABBIT'S metal, 211.

Back, 211.

day, 211.

Backer, 211.

Back-flap, 211.

hearth, 211.

in brewing, 211.

Backing, 211.

Back-joint, 211.

lash, 211.

lining of a boxing, 211.

of a sash-frame, 211.

links. 211.

of a window, 211.

Backwater, 211.

Badigeon, 211.

Bag, 2U.
Balance, 211.

beam pump, Armandie's, 1945.
bobs, 2676.

valve. 217.

Balection, 217.

Balk, 217.

Ball-and-socket joint, 217.

Ballast, 217.

Ballasting. 684, 2Ï2S.
and boxing, railway, 2735.

Ballast-wagon, 818,
Ball-cock, 217.

lever, 217.

valve, 217.
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Baluster, 218.

Balustrade, 218.

Banding plane, 218.

Band sawing machine, 3089.

Banker, 218.

Bank-note printing machine, 218.

Banquette, 1533.

Bar, 222.

Barbette, 222, 1533.

Barge-board, 222.

couples, 222.

course, 222.

Barker's mill, 230.

Barley-dressing machine, 222.

Barlow's cast-iron sleepers, 2587.

rails, 2593.

Burnett and Foster's air-pump, 2691.

Barn machinery, 223.

Barometer, 235, 2451.

Barometric calculations, 239.

tables, 240.

Barracks, 244.

Barrage, 250, 1135.

movable, 256.

Barrel, 264.

curb, 264.

drain, 264.

Barrier, 264.

Barrow, 264.

Bars, guard, 265.

river, 2762.

Bascule bridges, 265.

Base lines, 265, 2954, 2955.

Basement, 265.

Base plate, 265, 294.

Basin, 265.

Basket-handled arch, 265.

Bastard ashlar, 265.

stucco, 265.

toothed file, 265.

Bastion, 265, 1533.

Bat, 265.

Batchelar's kiln, 2187.

Batea, 265.

Bateau-vanne, 254.

Bath, 265.

metal, 265.

Batten, 266.

Battening, 266.

Batter, 266, 2373.

Battery, bichromate of potash, 270.
Bunsen's, 269.

Dalgleish's, 539, 540.

Daniell's, 269, 539, 2984.

employed to crush auriferous rocks, 272.
galvanic, 266, 534.

Grove's, 534, 539.
Hare's, 268.

Leclanché's, 2984.

McCallan's, 539.

Marie-Davy's, 2984.

Minotti's, 2984.

Muncke's, 268.

ship's, 276.

Smee's, 539.

Wollaston's, 268, 539.
Baulk, 217.
Bay, 292.

of joists, 292.

of roofing, 292.
Beacons, buoys, and lights, 2255, 2277.
Bead, 292.

and batten work, 293.
butt, 293.

flush, 293.

Beam, 293.

compasses, 1006.
engine, 2910.

filling, 293.

Beams, continuous, 2395.
cast-iron, experiments on, 764.

deflection of, 2397.
flitch, 2408.

rolled iron, strength of, 2406.
Bearer, 293.
Bearing, 293.

and sheet piles, 2618.
distance, 293.

out, 293.
Bed, 293.

plate, 294.
Bedding stone, 294.

timbers, the process of, 293.
Beetle, 294.
Bell, 294.

crank, 297.

Bell hanging, domestic, 297.

metal, 298.

trap, 299.

Bellows-pump, Motte's, 1945.
Bells, casting, 1549.

Belting, chain, 335.

Belts and pulleys, dimensions of, 317.
manufacture of, 312, 2014.
slip of, 299.

tension of, 303.

transmission of motion by means of, 299.

Bench, 336.

hook, 336.

marks, 336.
Bend, 337.

Bergstrœm's boring machine, 523.

Berm, 337, 1533.

Bernot's file-cutting machine, 1466.
Bessemer steel process, 2923.

steel rails, 2598.
Beton, 337.
Bevel, 337.

angle, 337.

Bevelled gearing, 1635.

Bevels and squares, 1815.

Bevil, 337.

Bichromate of potash battery, 270.

Bickford's fuze-making machine, 1607.

Bignon's funnel, 1597.

Bilge-pumps, 1940, 2690.

Binders, 337.

Binding joists, 337.

Bird's mouth, 337.

Birmingham wire gauge, 1620.

Biscuit machine, 337.

Bisecting gauge, 2444.

Bismuth, 337.

Bits, 338.

and braces, 1822.

Blake's stone-breaking machine, 2544.
Blakiston's trough-shaped railway chairs, 2593.
Blast furnace, 338, 2046.

utilization of waste gases from, 352.
hot, 2054.

machines, fan, 376.

pipe, 366.

Blasting, 338, 529.

at Holyhead Harbour, 532.

at Seaford, Sussex, 560.

demolition of fort by, 529.

explosive compounds employed in, 581.

gunpowder, Schwartz's, 582.
Blende, 3116.
Blind area, 366.
Blinding, 366.

Block, 366.

Blockhouse, 367, 1533.
Blocking, 366.

course, 367.
Bloom, 367.

Blooming machine, 367.
Blowing engine, 368, 2053.

engines, Dowlais Iron-works, 372.
machine, 368.

ventilators, 1463.

Blow-off cock, 380.

Blow-pipe, 182, 380.
Board, 380.

Board-and-brace work, 380.
Boarding, 380.

joists, 380.

Boasting, 380.

Body-plan, ship-building, 380.

Boiler, 389, 2853.

Boardman's, 472.

Benson's, 473.

Cochrane's, 459.

Daglish and Co.'s, 466.

JDickerson's, 454.

Dundonald, 433.

Dunn's, 456, 466, 471.

Field, 472.

Howard's, 469.

Hawksley, Wild and Co.'s, 466, 472.

Humphrys', 459.

James', 430.

Loader and Child's, 474.

locomotive, 389, 474, 1085.

American, 476.

Beattie's L. & S.W.R., 476.

Cross's, 476.

Hasswell's Austrian, 476.

R. Stephenson's, 477.
S.E.R., 478.

Wakefield's G.S. &W.R., Ireland, 478.

marine, 389, 451, 2853.

Boiler, Montgomery's, 434.
Mont Storm's, 456.

Ogle's, 430.
— plate bending machine, 1091.

flanging machine, 1090.

plates, 478.

practical rules, 428, 429.

Smart and Co.'s, 466.
Thomson's, 389.

various kinds of, 431.

wagon, 390.
Whittle, 390.
Williamson and Perkins', 465.

Wright's, 472.
Boilers, anti-corrosive, 1088.

corrosion of, 1085.

feed-water apparatus, 1161.

heating surface of, 440.

incrustation of, 2002.

locomotive, mountings for, 1189.
prevention of incrustation, 2003.
priming of, 448.
stationary, 465.

tubular, 441.

Woolwich Factory, 464.

Boiling-point, fixity of the temperature at, 419.

influence of substances in dissolution,

421.

Bolée's hydraulic ram, 1971.
Bolsters, 478.

Bolt-heads and nuts, hexagon, dimensions of,

2517.

Bolt-heads and nuts, weight of, 2517.
Bolting and dressing machines, flour, 2509.

mill, 479.

Bolts, 479.

and nuts, 2517.

forging, 1527.
Bolt threading machine, 2342.
Bond, 479.

common, 481.

course, 481, 482.
diagonal, 481.
Flemish, 479.
French military engineers, 480.
garden-wall, 479.
heart, 481.

Kruisverband, 480.
old English, 479.
ranging, 481.

timber, 481, 482.

Tyerman's patent hoop-iron, 482.
Bonding bricks, 482.

Bone-crushing mill, 12, 482.
Bone-mill, 12, 482.
Bonnet, 1533.

Boom-derrick, 2243.
Booth's steel-headed rails, 2598.
Boot-making machinery, 485.

sewing machine, 495.
Boring, accidents attending, 500.

and blasting, 498.
and drilling machines, 2325.
for minerals, 498, 1299.
for water, 145.

for water, London, 150.
for water, Paris, 151.

machine, wheel, 2344.
wood, 3104.

machinery, Bergstrœm's, 523.
Low's, 515.

Mather and Piatt's, 526.
tools used in, 146, 153.

wheel-hubs, Silver's hand machine, 1805.
Borings, tubing for, 513.

Bottling machine, 582.
- Davidson's, 583.

Hayward Tyler's, 582.
Bottoming, 584.

Boulder paving, 584.

walls, 584.

Boundaries, 584.

Bow-compass, 584.

drill, 584.

pen, 584.
—— saw, 584.

Box, 584.

sextant, 2974.

Boxing and ballasting, railway, 2725.
of a shutter, 584.

Boyau, 584, 1533.

Brace, 584.

Braces and bits, 1822.

Bracket, 584.
Brake or break, 585.

Adams', 595.
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Brake, Ambler's, 585.

apparai us for laying submarine cables,

Appold's, 619.

continuous, 585.

Davis', 594.

dynamometer, 616.

Emerson's 627.

Prony's friction, 616.

Fay's, 599.

Oilman's hemp, 628.

Goodnow's, 596.
Guêrin's, 608.

Ingram's, 608.

Krauss and Co.'s, 614.

Land^ee's, 613.

Lee's, 594.

Newall's, 599.

Stilmant's, 588.

various forms of, used in France, 593.

Brakes, experiments on the power of, 1351.

steam, 611.

Bramah press, 1983.
Brandering, 629.

Bran-separator, 228, 629.

Brass, 629.

and copper, tinning of, 1558.
founding, 1555.

guns, casting, 1549.
Brazing copper, 629.

solders, 629.

Bread and biscuit machinery, Vicar's, 637.

machine, 630.

Bread-making machinery, Watson's, 630.
Breaking joint, 479, 640.

Breakwater, 629.

Breast-wall, 640.

water-wheel^, 640, 1915.

wheel, 640, 1915.
work, 640, 1533.

Breckon and Dixon's coke ovens, 2554.
Breeze, 640.

oven, 640.

Bressummer, 640.

Brewing apparatus, 640.
Brick conduits, 3062.

drying apparatus, Parish's, 651.
'

kiln, English, 660.

firing, 661.

Indian, 660.

Brick-making machinery, 642.

Clayton and Co.'s, 642, 650, 652, 654.

Large's, 655.

Murtha's, 651.

Oates', 642.

Piatt and Co.'s, 647.
: nogging, 665.

trimmer, 665.

Bricks, bonding, 482.

burning, in clamp, 661.

clinker, 661.

drying, 659.

moulding, 659.

place, 661.

stock, 661.

Brickwork, 1023, 2718.
Bridge, 265, 665, 727, 2517, 2719.

Britannia, 740.

Broadwall, 756.

building, Boebling's system, 702, 727.

Charing Cross, 748.

Chelsea suspension, 764, 863.

construction, timber, 735.

head, 880.

hydraulic swing, over the river Ouse, 791.
improved Howe truss, 675.

Long's truss, 672.

McCallum's iuflexible arched truss, 677.
Monongahela River, 758.

Steele's improved Burr truss, 674.
the Burr truss, 671.

the Howe truss, 673.
trussed girder, calculation of different

strains, 721.

Wellington Street, 756.

Bridges, bascule, 265.

cbain and suspension, 760.
combined suspension and truss, 680.
girder, bearing rollers, 787, 789.

calculation lor simple lattice, 797.
cross-girders, 776.
flooring of, 774.
horizontal trussing, 778.
loads applicable to principal girders,

787.

loads applicable to railway bridges,
7i>8.

Bridges, girder, loads applicable to road bridges,

788.

moments of rupture, and shearing
strains for, 766.

proportion between span, bearing, and
total length, 787.

rivetings and bolts, 773.
— tables of formulai, 865.

vertical trussing, 777.

weight of parts, 783.

weight of road, 858.
iron, 680, 739, 748, 765.

oblique, 700, 727, 790, 2517.

helicoidal arrangement, 727.

orthogonal arrangement, 732.

parallel arches in echellon, 734.

timber, 734.

skew, 700, 727, 790, 2517.
stone, 683, 739, 2517.

dimensions of existing, 699.

formula? for principal dimensions, 699.

suspension, 741, 760.

wooden, 671.

Brisure, 1533.

Briiannia Bridge, 740.
metal, 880.

Bronze. 880.

aluminium, 51.

Bruckner's cylinder for roasting silver ores,

2549.

process for chloridizing silver ore, 1603.

Buckled plates, strength and weight of, 2410.

Buddie, 880.

for lead ores, 2539.
Buddling tin ores, 2528, 2529.
Buffer, 881.

Sterne's, 882.

Buffing and drawing apparatus, Chattaway's,
881.

Building, 883.

Bullet-making machine, 883.

Anderson's, 885.

Custar's, 885.

Bung-cutting machine, 886.

Bunsen's battery, 269.

Buoys, lights, and beacons, 886, 2255, 2277.

Burel's reflecting level, 1007.

Burnisher, 886.

Burr bridge, 671.

truss, 672.

Steele's improved, 674.

Bush, 886.

Butterfly-valve, 886.

Buttock-line, 384.

Buttress, 886, 2747.

Butt-weld, 886.

aABLE, 886.

Cables, cbain, strength of, 2387.

experiments to determine curvature of, 893.

strength of, 891, 2387.

Cage, safety, 897.

Caisson, 898, 1021.

Calamine, 3116.

Calculating instruments, 2.

Calender, 899.

More's, 900.

Thomson and Co.'s, 899.

Caligny's conical pump, 1938.

Calipers, 903.

and compasses, 1830.

Calking, 903.

iron, 903.

Calorific action in the formation of steam, 422.

capacity of bodies, 392, 394.

of gases, 393.

power, application of, 401

.

Cam, 903, 1638, 2424.

Camera lucida, 906.

Campbell and Co.'s floating dock, 1264.

Canal, 907.

locks, 2307,

Suez, 917.

Canals, motion of water in, 907.

Candle-making machine, Harrison Gambo's, 929.

wicks, 925.

Candles, 922.

composite, 928.

dips, 926.

moulds, 927.

Cannon casting, 1556.

Caoutchouc, 929, 2004.

Caponnière, 1533.

Capstan, 929.

Cardboard-cutting machine, 929.

Carpet-beating machine, 929.

Carpets, india-rubber, 2013.

Carre's ice-making machine, 1998.

Carrett and Co.'s steam-pump, 1939.

Carriage planing machine, 3o95.

Carrier, 929.

Carr's disintegrating flour-mill, 2488.

mineral disintegrator, 2040.

Carrying and tipping coal, Bigg's apparatus,
1857.

Cartridge, 929.

Cartridges, 1495.

Curtwright's cordelier, 2826.

Carvers' and print-cutters' tools, 1825.
Carving machinery, 929.

Case-hardening, 929.

Casemate, 929, 1533.

Cask machinery, 929, 2917.

Cask-making machine, Hadfield's, 2917.
Caslon and Fagg's type-founding machine, 1505.
Cast iron, 2041.

refining, 2071.

refining, theory of, 2074.
steel, 2934.

Casting and founding, 929, 1535.
bells, 1549.

brass guns, 1549.

cannon, 1556.

metals, Jobson's moulds for, 1540
Castraise pump, 1944.

Catadioptric light, 2265.

Catapult, 929.

Cathetometer, 930, 2378.

Cement, 931, 2279.

for stone and brick work, 939.
<

Goreham's kiln for burning, 2178.—— hydraulic, natural and artificial, 935.—- india-rubbe', 2010.

Portland, 931.

Roman, 933.

Cementation steel, 2921.

Cements for cast iron, 939.

limes and mortars, 931, 2279.
Centre-bit, 939.

Centre of gravity, 939, 1122.

of gyration, 103.

of oscillation, 2552.

of pressure, 1120.

Centrifugal force, 99.

pump, 939, 1948, 2679.

pumps, Coignard and Co.'s, 1951.

efficiency of, 2680.

Gwynne and Co.'s, 1949, 1958.

Neut and Dumont's, 1948.

proportions of parts, 2679.

Centrolinead, 2444.

Chaff-cutter, 229, 939.

Chain belting, 335.

cables and hawsers, 892.

strength of, 891, 2387.

way.

Fielden's cast link, 336.

pump, 940, 1937, 2680.

pumps, Murray's, 2680.

Chains, surveying, 2954.

Chairs, Blakiston's trough-shaped, 2593.
Fowler's joint, 2591.

keys and fastenings for permanent
2589.

Ransomes and May's cast-iron 2590
Champsaur's autodynamic elevator 1938
Châtillonais press, the, 16.

Cliattaway's central buffing and drawing appa-
ratus, 88 1.

Check-valve, 940.

Cheese press, 940.

vat, 940.

Chelsea suspension bridge, 764, S63.
Chemical nomenclature, 195.

Chevaux de frise, 9ll, 1533. .

Chimney, 941.

Chimneys, calculation of diameter, 951.

construction of, 957.

draught, 956.

effects produced by meeting of currents,
950.

factory, 957.

dimensions of, 952.

genoral considerations on. 9 I

flow of air in, 8

influence of cooling of the outer surface npou
the draught, 964.

lateral pressure in, 960,

loss of heal occasioned by, oöi.

registers, 9<w.

sections of, for different kinds of fvje], 953.
Chisel, 961.

9 N
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Chisels and gouges, 1819.

Chloridizing silver ore, Bruckner's process, 1603.

Chocolate machine, 961.

Choke-damp, 10.

Chromograph, 961.

Chuck, 961.

Churn, 961.

Cider-mill, 961.

press, 16.

Circles, primitive, or pitch, 1627.

Circular saw, 961.

Circumferenter, 961, 2672.

Clack-valve, 961.

Clamp, 961.

of hricks, 661.

Clark's hydraulic-lift dock, 1265.

Clausthal furnace, 1601.

Clay's machinery for heavy forging, 1530.

Cleat, 961.

Clifton suspension bridge, 760.

Clinometer, De Lisle's, 2772.

Clip-drum, 961.

Clissold's chain belting, 335.

Cloth-working machinery, 961.

Club-houses, ventilation and warming of, 3038.

Clutch, 962.

Coal-cutting machine, 962.

Donisthorpe's, 965.

Frith's, 962.

hydraulic, 968.

Coal, heat developed by, 438, 446.

mining, 971.

Rigg's apparatus, carrying and tipping,

1857.

shipping and keels, 2170.

washing machine, 979.

Coast defence, 983.

defences, classification of, 988.

English, estimated cost of, 999.

general principles of, 985.

history, 984.

notes on batteries, 997.
' reconnaissance of sea frontier, 984.

Coefficients of crushing strength, 2383.

of specific heat, 393, 394.

of tearing strength, 2387.

Coffee-hulling machine, 1004.

mill, 1004.

Coffer-dam, 1005, 1021.

Cog-wheels, 1005.

Cohesion, 1005, 2377.

Coignet's agglomerated concrete, 937.'

Coil, 1005.

Coke oven, 2553.

Appolt's, 2556.

Breckon and Dixon's, 2554.

Lord Dundonald's, 2553.

the Knab or Pernolet, 2557.

Coking oven, 1005.

Collar, 1005.

Collom's ore-washing machine, 2546.

Combing machine, 1005.

Common bond, 481.

water-wheels, 1912.

Compass, 1005.

bow, 584.

mining, Hedley's, 1015.

prismatic, 2976.

reconnoitring, 1007.

ship's, Albini's, 1010.

Compasses, 1005.

and calipers, 1830.

beam, 1006.

proportional, 2444.

Compound engine, 2902.

Compressed-air pumps, Laburthe's, 1946.
Compressive strength of materials, 2382.
Concrete, 1016, 1017, 2284.

Coignet's agglomerated, 937, 939.
Concretes, lime, 2284.

mixing, 2287.

Portland cement, 2286.
Roman cement, 2285.

Condensation of steam, 421.

Condenser, 1016, 1170, 1176, 2853, 2898.
Conduits and feeders, 3062.

water-works, 3062.

Conical-plate planing machine, 1794.
Construction, 1016.

Continuous beams, 2395.
brakes, 585.

Contractors' pumps, 2690.
Cooler, 1055.

Coopers' tools, 1814.

Coping, 1082.

Copper, 1059.

Copper, alloys of, 1060.

and brass, tinning of, 1558.
brazing, 629.

chemical properties of, 1071.

manufacture of, 1061.
ore, crushing, 2536.

dressing, 2535.

jigging, 2536.
ores of, 1059.

smelting of, 1061, 1076.
uses of, 1061.

Coppersmiths' and tinsmiths' tools, 1809.

Cop-spinner, 1082.

Corbel, 585.

piece, 479.

Cordelier, Cartwright's, 2826.
Cork-cutting machine, 1082.
Corliss engine, 1403.

Corn-crushers, 229.

mill, 1085.

portable, 288.

Cornice, 1085.

Cornish engine, 1085, 2913.
pump, 2681.

Corrosion, 1085.

of steam-boilers, 1085.
Corrugated iron, 2410. Y
Cotter, 1093.

Cotton-gin, 1093, 1114, 1668.
' machinery, 1093.

Arkwright's, 1095.

carding, 1099, 1115.

drawing, 1103.

Hargreaves', 1094.

opening, 1097.

scutching, 1097.

slubbing and roving, 1105.

spinning, 1107.
press, 1117.

Counter, 1117.

balance, 1117.

fort, 1117, 1533, 2746.
mine, 1117, 1533.

Counterscarp, 1533.

Counters for public carriages, 2.

Countersunk, 1117.
Coupling, 1117.

Courses, arrangement in masonry, 2376.

thickness in masonry, 2376.

Cousinet, 1117.

Covered way, 1117, 1533.

Cow-milking machine, 16.

Crab, 1117.

Cradle, 1117.

Cramp, 1117.

Crane, 1117, 1965, 2231, 2921.

Cranes, hydraulic, 1965.

Crank, 1117.

Crémaillère, 1533.

Creosoting, 2205.
Crest, 1533.

Cross cutting, sawing machine for, 3091.

head, 1117.

Crossing, Bansomes and Biddell's main line,

2606.
Crossings, points, and switches, 2600, 2604, 2866.
Crossley's annealing kiln, 2188.

Cross-section of line, railway, 2712.

sections, vertical, ship's, 387.

Crowbar, 1117.

Crown wheel, 1117.

Crucibles, 1118, 1549.

apparatus for making, 1549.

Crushing and amalgamating machine, 51, 1118.
copper ores, 2536.

mill for lead ores, 2539.

strength of materials, coefficients of, 2383.
Cultivation by steam power, 20.

Culverts, 1119, 2710, 2724, 3064.
water-works, 3064.

Cupola furnaces, 2061.
Cupolas and domes, 2792.
Current, shock of, retaining walls, 2738.
Curriers' and tanners' hand-tools, 1826.
Curves and gradients, 2701.

for teeth of wheels, 1621.
resistance of, 2705.

Curvilinear slotting machine, 2335.
Cusheon, 1117.

Cutting-tools, annealing steel for, 202.
Cuttings and embankments, railway, 1383, 2711.

drainage of, 2714.
Cyclograph, 2444.
Cycloid, 1621.

Cylinders of pumps, 2671.
Cylindrical gearing, 1631.

D.ALGLEISH'S battery, 539, 540.

Dam, 250, 1119, 2743.

on the river Furens, 1132.

sand in Holland, 1126.

Damming, 1119.

Damp course, 1025.

Damper, 1161.

Dams and weirs, retaining walls, 2743.

comparison of stone, 1139.

formulae for section of, 1146.

Daniell's battery, 269, 539.

Darcy's hydraulic gauge, 1908.

Dash-pot, 1161.

Datum line, 113, 1161.

Davidson's bottling machine, 583.

Davis' brake, 594.

Dead centre, 1161.

Deas and Rapier's switch-box, 2603.

De Bergue's cast-iron sleepers, 2588.

Déblai, 1534.

Deflection, experiments on, 332.

of beams, 2397.

Demi-bastion, 1534.

lune, 1534.

Dentists' and goldsmiths' rolls, 1810.

Derrick, 1161, 2243.

Details of engines, 1161.

Devil, 1201.

Diagonal bond, 481.

Diagram, graphic, 1703.

Dial, 1201.

float, 1911.

Hedley's mining, 1015.

Dies, 1201, 1822.

and stocks, 1822.

Digester, 1202.

Dilluing tin ores, 2534.

Dimensions, abstracting, 5.

of existing stone bridges, 699.

Disc piles, 2642.

Disintegrating flour-mill, 2488.

Disintegrator, Carr's mineral, 2545.
Displacement, 1202.

Distances, 1210.

instruments for determining, 1210.

Distemper, 1053.

Distilling apparatus, 1214.

sea-water, 1219.

spirits, 1217.

Distributing reservoirs, 3070.

Diver, constitutional fitness of, 1226.

Dividing machine, 1226, 1802.

Diving, 1226.

apparatus, 1226.

bell, 1231.

Dock, 1234.

gates, dry-dock gates, 2293.

inner gates, 2293.

iron gates at Boulogne, 2298.

materials employed, 2293.

mixed gates at Fecamp, 2298.

opening and closing, 2293.

outer or deep-water-basin gates, 2292.

scouring gates, 2293.

sea gates, 2293.
. wooden, 2294, 2296, 2302, 2303.

. wrought iron, 2305.

graving, 1704.

Docks, construction without coffer-dams, 1840.

Clark's hydraulic lift, 1265.
i floating, Campbell and Co.'s, 1264.

Rennie's, 1262.

principal dimensions of, 1268.

pumps for emptying, 2690.

retaining walls, 2743.

Tyne, at South Shields, 1254.

Victoria, 1234.

Dog, 1272.

Dolly, or dolly-tub, 1272.

Dome, 1272.

Domes and cupolas, 2792.

Donisthorpe's coal-cutting machine, 965.

Donkey-engine, 1272.

Doors, 1044.

Double-action water-pressure engine, 1978.

Double-trunk screw engines, 2842.

Dovetail, 1272.

Dovetailing machinery, 3110.

Dowel-pin, 1272.

Dowlais Iron Works blowing engine, 372.

Drag-bar, 1272.

Drainage, 1272, 2147, 2689, 2714, 2715, 2780.
— areas, 3061.

and water supply, 3061.

of cuttings, 2714.
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Drainage, embankments, 2715.—— mines, 1272.

pumps for, 2681.
roads, 2780.

surface, 2689.

Draw-bar, 1272.

Drawbridge, 1284.

Drawing and cutting-off piles, 2623.

frame, 1291.

knives, 1821.

Dredging, 1291, 2756.

machine, 1291, 1293.
Dressing machines for flour, 2509.
Drill, 1299.

bow, 584.

Drilling and boring machines, 2325.
machine, hand, 1836.

multiple, 2344.
Drum, 1301.

Drums, various modes of driving, 312.

Dry-rot, 1301.

prevention of, 2205.
Drying bricks, 659.

Duct-wheels, 1301.

Dundonald's coke-ovens, 2553.
Durozoi's hydraulic propeller, 1938.
Duster, 1301.

Dwelling-houses, ventilation and wanning
3037.

ventilation of, 3044.
Dyke, 1301, 2757.
Dynamite, 582, 1301.

Dynamometer, 1301.

brake, 616, 627.

car, 1306.

of,

E.JARLE'S steam-pump, 1940.
Earth pressure, 2736.
Earthwork, 1364.

Eccentric, 1364.

Efflux chamber, 1364.
Ekman's reheating furnace, 2121.
Elasticity, moduli of, 2381.

of bodies, 2377.
Electric telegraph, 1367.

Electro-chronoscope, Anstruther's, 1771.
magnet, 1367.

metallurgy, 1367.
Electrometer, 1383.

Electrotype, 1383.

Electrotyping, 1382.

Elevator, 1383, 2221.

autodynamic, 1938.
Elevators, hoists, and lifts, 2221.
Elipsograpb, 2427.

Ellipsis, methods of drawing, 687.
Elliptical arches, 684.

Embankment, 1383, 2711, 2758.
Embankments and cuttings, railway, 1383, 2711.
Embossing, 1403.

Embrasure, 1534.

Embroidering machine, 1403.
Emerson's dynamometer-brake, 627.
Emery, 1403.

Enceinte, 1534.

Endless chain pile-driver, 2636.
screw and pinion, 1637.

Engine, agricultural, 32.

air-compressing, 520.

Allen, 1408.

American pumping, 1417, 1419.
beam, 2910.

Chaplin's hoisting, 1425.

compound, 2902.

Corliss, 1403.

Cornish, 1085, 2913.
double-trunk screw, 2842.
Fletcher and Co.'s winding, 1424.
horizontal, 2912, 2916.
Lee and Co.'s steam fire, 1954.
marine, 2354.
Mazeline's steam fire, 1955.
Merryweather's steam fire, 1429, 1955.
Ommanney and Co.'s horizontal pumping,
1421.

oscillating, 1423.

portable, 11, 32.

return-acting trunk screw, 2843.
return connecting-rod screw, 2846.

• screw, 2841.

Shand and Mason's steam fire, 1431.
single piston-rod screw, 2815.
stationary, 2898.

steam-launch screw, 2855.
the Allen, 1408.

Engine, vertical, 2913.

water-pressure, 1973, 1976, 1978.

Wilson's direct-acting, 1416.

Engines, varieties of, 1403.

English brick-clamp, 661.

brick-kiln, 660.

Engravers' tools, 1816.

Entanglement, 5.

Envelope, or envelop, 1534.

machine, 1435.

Epaulement, 1534.

Epicyclic train, 2451.

Epicycloid, 1622.

gearing, 1630, 1632.

wheel, 1438.

Equilibrium of forces, 665.

Escapement, 1438.

Escape-valve, 1445.

Esplanade, 1534.

Euler's turbine, 1924.

Evaporating apparatus for sugar, 1445.

power of fuel, 401.

Evaporator pan, 1445.

Evart's dovetailing machine, 3114.

Exravation, 1447.

Exhaust-pipe, 1447.

Expansion-gear, 1447.

joint, 1447.

of rails, 2593, 2726.

work developed by, 424.

Explosions, 1447.

Explosive compounds for blasting, 581,

1721, 1770, 1783.

Eyeletting machine, 1447.

1301,

EAIRLIE locomotive, 2321.

Falling bodies, 5, 7.

Fan, 1447.

blast machines, 376.

Guibal's ventilating, 1447.

Farcot's steam-pump, 1941.

Fascines, 1017.

Fastener, belt, 312.

Faults, 1463.

Feeders and conduits, 3062.

Feed-pipe, 1463.

connection for locomotive engines,

1463.

pump, 1464.

water, purification of, 2003.
Fencing for roads, 2785.

railway, 2725.

Field boiler, 472.

Fielden's cast link-chain, 336.

Filbow, or filbo, 1464.

File, 1465, 1817.

cutting machine, 1465.

Files and rasps, 1817.

Filter, 1469.— beds, cleansing of, 3073.

preparation of the bottom, 3073.
Filtering galleries, Toulouse water-works, 3074.
Filters, 3074.

Filtration, 3071.

Fire-arms, 1469.

American, experiments and reports,

1469.

box, 1495.

bridge, 1495.

clay, 1495.

retorts, 1554.

engine, 1496, 1954.

escape, 1497.

fire-clay, and fire-brick, 1535.

Fish-plates, 2590.
Flange, 1497.

Flanging machine, 2341.
Flank, 1534.

Flax machinery, 1497.
Flèche, 1534.

Flemish bond, 479.

Float water-wheels, 1511.
Floating dock, Campbell and Co.'s, 1264.

Rennie's, 1262.
gate,, 254.

Flood-gate, 255.

Flooring, 1524.

Floors, 1039.
asphalte, 1043.

coverings for, 1041.

fire-proof, 1041.

framed, 1040.

Maltese, 1042.

Moreland's, 1524.

single, 1039.

Flour, bolting and dressing machines, 2509.

mill, 2500.

Buchholz process, 2492.

Carr'ri disintegrating, 2488.

floating steam, 2499.

portable, 228.

Flue, 1525.

Fluid pressure, 1888, 2734.

vein, 1889.

Flume, 1525.

Fly-wheel, 1525.

Flying levels, 2698.

Folding and measuring machine-, 1525, 2415.

Force, 1525.

centrifugal, 99.

Forces, equilibrium of, 665.

Forge, 1525.

German, 2069.

portable, 1530.

Forging bolts, 1527.

keys, 1525.

machinery for, 1530.

nuts, 1528.

Formulai for stone bridges, 683.

tables of, for girders, 865.

Fortification, 1533.

Foundations, 1016, 1535.

concrete, 1017.

coffer-dams, 1021.

fascines, 1017.

hollow cylinders, 1019.

in water, 1020, 1021.
— loose stones, 1020.

regular masonry, 1021.

piling, 1018.

Founding and casting, 929, 1535.

Foundry, 1569.

hoists, 2249.

Fowler's pin-making machine, 2645.

Fractious of safety, 2406.
Fret sawing machine, 3093.
Frick's metal, 1569.

Friction, 1331, 1349, 1569
brake, Prony's, 616.

during a shock, 1578.

in grease-box, 1331
locomotives, 1331, 1349.

oil-box, 1331.

trains, 1331.

influence of unguents, 1578.
influence of vibrations, 1578.

of brass upon oak, 1574.

cast iron on cast iron, 1575, 1580.
elm upon oak, 1573.

journals, 1331, 1581, 1585.

leather upon cast Iron, 1574.

limestone upon limestone, 1573, 1577.

oak upon oak, 1572, 1576.
plane surfaces, 1583.

Frictional gearing, 1592.

Frith's coal-cutting machine, 962.
Front, fortification, 1534.

Fuel, 399, 1592.

analysis of, 1595.

evaporating power of, 401.

heat supplied by, 399.

increase of temperature by expenditure of,

401.

Fuller's earth, 1597.

Funicular polygon, 669.
Funnel, 1597.

Furnace, 338, 1597, 2046, 2061, 2116.
Clausthal, 1601.

Ekman's reheating, 2121.

reverberators, 1597.

Stetefeldt, 1604.

Thomas's smelting, 1602.

Furnaces or roast ovens, 1597.

blast, 33S, 2046.

cupola, 2061.

heating and balling, 2116.

Fusibility of alloys, 47, 49.

Fusion heat, 397.

Fuze, 1607.

making machine, Blckfbrd's, 1697.

Fnzee, 1610.

Foies, BÏ6«

(jTABION, 1534, 1610.

Gad, ion».

Galena, 2209.

Gallery, 1534.

Galvanic battery, 266.

for military purposes, 534.
currents, power of, 541, 544.

9 N 2
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Galvanism, 1610.

Galvanized iron, 1610.

Galvanometer, 541.

Gantries, staging, and scaffolds, 2837.

Garden-wall bond, 479.

Gas, 1610.

exhauster, GWynne's, 377.

flow of, 402, 405, 406.

holder, 1620.

manufacture of, 1610.

meter, 1620, 2461.

dry, 2466.

wet, 2461.

puddling furnace, Siemens', 2087.

velocity through pipes, 406.

Gases, calorific capacity of, 393.

utilization of waste, from blast furnaces, 352.

Gasometer, 1620.

Gates, 1620.

Gauge, 1620, 2701.

Birmingham wire, 1620.

Darcy's hydraulic, 1908.

rain, 3055.

steam, 1621.

Gear, expansion, 1447.

Gearing, 1621.

bevelled, 1635.

cams, 1638.

curves for teeth of wheels, 1621

.

^ cycloid, 1621.

cylindrical, 1631.

dimensions and form of teeth, 1628.

of parts, 1627.

endless screw and pinion, 1637.

epicycloid, 1622, 1630, 1632.

frictional, 1592.

hypocycloid, 1624.

inner, 1633.

involute, 1626, 1632.

methods of tracing forms, 1630.

pitch-circles and lines, 1627.

rack and pinion, 1633.

relation of velocity to be obtained, 1627.

various kinds of, 1641.

Genouillère, 1534.

Geodesy, 1647.

German forge, 2069.

silver, 1668.

Giffard's injector, 2025.

Gilman's hemp-brake, 628.

Gimbals, 1668.

Gin, 1668.

Girard's horizontal pump, 1942.
—— lifting turbine, 1952.

turbine, 1925.

Girder bridges, bearing rollers, 787, 789.

calculation of simple lattice, 797.

cross-girders, 776.

flooring of, 774.

horizontal trussing, 778.

loads applicable to, 787.

tables of formulas, 865.

trussed, strains in, 721.

vertical trussing, 777.

weight of parts, 783.

weight of road, 858.

Girders, arched, 842.

bow, 840, 850. •

comparison between straight and arched, 850.

comparison of systems, 858.

double crosses, 828.

formula giving weight and height, 813.

formulae of weight, 829.

lattice, 797, 828, 2209.

moments of rupture and transverse strains

766.

multiple lattice, 828.

of crosses and vertical rods, 820.

of crosses or double lattice, 819, 821.

rivetings and bolts, 773.

simple lattice, 797.

tables and formulae, 865.

tables of weights, 826, 833.
Gland, 1668.

Glasgow Water-works aqueduct, 1 , 3.

Glass, analysis of, 1688.
bottle, 1683.

coloured, 1687.
colourless, 1678.
furnace, 1669.
machinery, 1669.
manufacture of, for optical purposes, 1684.
manufacture of plate, 1669.
manufacture of sheet, 1672.
painting on, 1687.
soluble, 1677.

Glazing, 1054.

Gold, 1689.

alloys of, 1695.

analysis and assaying, 1696.

and silver, 1695.

metallurgy of, 1694.

Goldsmiths' and dentists' rolls, 1810.

Goniometer, 1697.
Goodnow's brake, 596.

Gordon printing press, 2661.

press, by Carwood, 2664.

Goreham's kiln for burning cement, 2178.

Gorse-crushers, or cutters, 229.

Gothic roofs, 2790.

Gouge, 1699, 1819.

Governor, Clayton and Shuttleworth's, 1699.

Farcot's marine engine, 1702.

Miller and Knill's, 1701.

Roby and Richardson's, 1699.

Silver's, 1701.

steam-engine, 101, 1699.

Gradients and curves, railway, 2701.

and tractive resistance of roads, 2775.

Grain-drying kiln, 2193.

elevators, 2251.

Graphic diagram, 1703.

tracing, 405, 416.

Graphical determination of tensions, 669.

Grate, 1704.

Grates, 3045.

Joly's, 3046.

Graving dock, 1704.

Gravity, 1704.

action of, 5.

Greaves' cast-iron sleepers, 2587.

Grindstone, 1717.

Grist-mill, 1718.

Ground-auger, 1718.

Grove's battery, 535, 539.

Gudgeon, 1718.

Guérin's brake, 608.

Guibal's ventilating fan, 1447.

Gun-carriage, 1718.

Captain Scott's naval, 1718.

Moncrieff system, 1720.

cotton, 1721, 1783.

machinery, rifled, 1789.

metel, 1721.

Gunner's quadrant, 2771.

Gunnery, 1722.

Gunpowder, 1777.

manufacture of, 1780.

Schwartz's blasting, 582.

Guns, American, 172.

power of, 171.

range of, 170.

resistance of, to bursting, 161.

Sterro-metal for lining, 177.

Gwynne's centrifugal pump, 1949, 1958.

gas-exhauster and air-blower, 377.

Gyration, 1794.

centre of, 103.

aACKLE, or heckle, 1796.

Hadfield's machines for making casks, 2917

Half-breadth plan, ship-building, 380.

Half-moon, fortification, 1534.

Hammer, 1796, 1810.

Hand-frame for tin ores, 2532.

gear, 1796.

pump, 1796.

saw, 1796, 1813.

tools, 1796.

Handley's brake, 595.

Hanger, 1836.

Hanson's flanging machine, 2341.

Harbour, 1838.

Harbours, construction of, 1838.

Hardness of alloys, 48.

of water, ascertaining, 3054.

Hare's battery, 268.

Harper's safety-cage, 897.

Harrison Gambo's candle machine, 929.

Haulage of coal, endless-rope system, 1863,

tail-rope system, 1848, 1872.

Haunch, 1879.

Hawsers and chain-cables, 60.

Haymaking machine, 17.

Hayward Tyler's bottling machine, 582.

universal mining pump, 2683.

Header, 479.

Heart-bond, 481.

Heat, coefficient of specific, 393.

developed from coal, 446.

fusion, 397.

Heat, latent, 397.

of steam, 398.

quantities supplied by fuel, 399, 438.

relation of temperature of bodies to, 394.

sources of, 399.

specific, 392.

unity of, 392.

Heated air, motion of, in vertical tubes, 941.

Heating and balling furnace, 2116.

Hedley's mining compass, 1015.

Helicoidal float water-wheel, 1917.

Heliostat, 1879.

Helix, 1880.

Hemp-brake, Gilman's, 628.

ropes, 2821.

Hemy and Peyrolles' pump, 1944.

Hinges, various kinds of, 1881.

Hinging, 1880.

Hip-rafter, 95.

Hocking's substitute for stand-pipe, 1979.

Hoe, 1885.

Hoffman's kiln, 2180.

Hoisting engine, Chaplin's, 1425.

Hoists, foundry, 2249.'

lifts and elevators, 1885, 2221.

Holland, sand dams in, 1126.

Hop elevator, 1885.

Horizontal axis turbine, 1930.

engine, 2912, 2916.

pump, Girard's, 1942.

water-pressure engine, 1978.

Hornwork, fortification, 1534.

Horse gear, 12.

power, H.R, 1885.

or horse-engine, 1885.

rakes, 19.

Hospitals, ventilation and warming, 3026.

Hot blast, 346, 2054.

stoves. 1885.

1877.

Hotching tub for lead ores, 2538, 2541.

Howe truss, 673.

improved, 675.

Howitzer, 1885.

Hub, 1885.

Huddart's rope-making machinery, 2827.

Hydrant, 1885, 1994, 1995.

Hydraulic cement, 935.
—-— coal-cutting machine, 968.

cranes, 1965.

crow, 1117.

gauge, Darcy's, 1908.

lift, Dayis', 1963.

lifting jack, Tangye's, 2159.

machine tools, 2345.

machinery, pumps for, 2691.

machines, varieties of, 1912.

motors, 1912.

press, portable, 1994.

propeller, Durozoi's, 1938.

rams, 1971, 1973.

riveting machine, 2347.

shearing machine, 2352.

swing bridge over the Ouse, 791.

tube expander, 2352.

weighing machine, 1982.

Hydraulics, 1886.

Hydrometer, 1996.

Hydrostatic press, 1983.

wheel press, 2345.

Hygrometer, 1996.

Hypocycloid curve, 1624.

ICE-MAKING machine, 1996.

Carre's, 1998.

Kirk's, 1999.

Mignofs, 2001.

Reece's, 2000.

Impact, 2002.

Impetus, 2002.

impounding reservoirs, 3058.

Inclined plane, 2002.

Incrustation of boilers, 2002.

India-rubber, 929, 2004.

agglomeration of, 2006.

balls, 2009, 2013.

cement, 2010.

hard, 2014.

large sheets for fabrics, 2010.

machine belts, 2014.

oils for lubricating, 2010.

pastes and solutions of, 2009.

threads of, 2005.

tubing, 2010.

Indian brick-kiln, 660.

clamp-bricks, 662.
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Indicator, 2015.

diagrams, 2020.
Inertia, 2024.
Ingram's brake, 608.
Injector, 2025.

Giffard's. 2025.
self-adjusting, 2026.

Inner gearing, 1633.

Insulator, 2028.

Insulators, 2990.

Involute curve, 1626.

gearing, 1632.
Iron, 2028.

alloys of, 2038.
beams, strength of rolled, 24C6.

blast furnaces for, 338, 204 6.

boiling and puddling pig, 2077.
- bridge at Solferino, 739.

building, different systems. 765.

bridges, 680, 739, 748, 765.

cast, 2041.

charcoal finery, or Lancashire hearth,

2074.

Franche-Comté process, 2076.

refining, 2071.
theory of refining, 2074.

Walloon process, 2076.

chemical knowledge of, 2029.

corrugated, 2410.
cupola furnaces for, 2061.

deposited galvanically, 2033.

Ekman's reheating furnace, 2121.

ferric or maximum compounds of, 2031.

ferrous compounds, 2029.

fluxes for, 2045.

galvanized, 1610.

hammers and squeezers, 2099.
heating or balling furnace, 2116.

hot blast, 2054.

machine puddling, 2091.

manufacture, 2041.
ores, 2033.

puddling rolls, 2103.

reversing rolling-mills, 2109.
roasting, 2042.

roofs, 1036, 2795, 2800.

ship-building, 2123.

angle-iron frames, 2133.

beams, 2134, 2137.

bulkheads, 2136.

floor-plates, 2134.

framing of hatches, 2137.
keels, 2131.

keelsons, 2136.

outside plating, 2137.

rudder-bands, 2133.
rudder-frames, 2 L32.

rudder-stops, 2133.

sheerstrakes, 2137.
stems, 2132.

stern-post and stern-rails, 2132.
stringers, 2135.
wash-plates, 2135.

universal rolling-mill, 2108.

wrought, 2o66.
Irregular shaping machine, wood, 3109.
Irrigation, 2139.

canals of permanent supply, 2140.—— drainage works, aqueducts, inlets,

super-passages, 2147.

falls, rapids, and locks, 2143.

headworks, dams, and regulators, 2115.
measurement of supply, 2151.

Isomorphism, 2155.

O ACK, 2159.

screw, 1835, 2160.

Tangye's hydraulic, 2159.

Jacket, steam, 1195, 2160.

Jenny, 2160.
Jetty, 2160.

Jewellers' mill, 1810.
Jigging copper ores, 2536.
Jobson's moulds for casting metals, 1 540.
Joggle, 2160.
Joint, abutting, 5, 2763.

ball-and-socket, 217.

breaking, 479, 640.
expansion, 1447.
lap, 2763.

Joints, 2160.

in metal, 2160, 2170.
in wood, 2160.
riveted, 2170, 2763."

Joists, 2170.

and

Joists, bay of, 292.

binding, 337.

boarding, 380.

Jonval's turbine, 1929.

Journal, 2170.

box, 2170.

Journals, friction of, 1331, 1581, 1585.

IVeARNEY'S hydrant, 1995.

Keels and coal shipping, 2170.
Key, 2178.

Keys, compressed oak for permanent way, 2589.

forging, 1525.

iron taper, 2590.
Kiln, 2178.

Batchelar's, 2187.
Crossley's annealing, 2188.
for burning cement, Goreham's, 2178.

for drying grain, 2193.
Hoffman's, 2180.

malt, 2189.
Mutter's, 2185.

King-post, 2194.

Kirkless Hall blowing engine, 375.
Kirk's ice-making machine, 1999.

Kitchens, ventilation of, 3043.

Knab or Pernolet coke-oven, 2557.

Knife-edge, 2194.

Knifing machine, 1835.

Knitting machine, 2194.

Knives, drawing, 1821.

Krauss and Co.'s repression brake, 614.

Kruisverband bond, 480.
Kyanizmg, 2205.

JjABURTHE'S compressed-air pumps, 1946.
Laggings, 479.

Lamp, safety, 2207.
Lamps, lighthouse, 2275.

Landsee's steam-brake, 613.

Lanterns, construction of lighthouse, 2269.

Lap, 2209.

joint, 2763.

Latent heat, 397.

of steam, 398.
Lath and plaster, 1049.

Lathe, 2209, 2322.

automatic wood-turning, 3115.
axle, 2342.

Lathes, hand and foot, 1796.

Lattice girder, 797, 828, 2209.
Launder, 2209.

Lead, 2209.

action of, on animal system, 2221.
alloys of, 2214.

combinations with diatomic metalloids, 2211.

distinctive characters, salts of, 2214.
haloid compounds, 2210.
manufacture, 2215.

ore dressing, 2537.

dressing, buddle, 2539.

dressing, crushing mill, 2539.

dressing, notching tub, 2538, 2541.

smoke, 2221.

theory of smelting, 2218.

Leblanc's hydraulic ram, 1973.

Lee and Co.'s steam fire-engine, 1954.
Lee's brake, 594.

Leffel's double turbine, 3020.
Lemielle's ventilator, 1449.
Lens, achromatic, 8.

Letestu's pump, 1943.
Level, Burel's reflecting, 1007.
Levelling, 2221, 2966.

and surveying, 2953.
boning, 2971.
chaining base lines, 2954.
contours and hill shading, 2971.
correction for curvature, 2969.
correction for refraction, 2970.
enlarging and reducing plans, 2966.
field-book, 2960.
laying off perpendiculars, 2954.
measurement of hills, 2959.
obstructions in base lines, 2955.
plan drawing, 2964.

planning a survey, 2953.
plotting, 2964.
plotting section, 2973.
reduction of levels, 2968.
surveying chains, 2954.
traverse surveying, 2962.

instruments, 2980.

diaphragms, 2982.

I^ever, 2221.

Lift, Davis' hydraulic, 1963.
Lifting turbine, Girard's, 1952.

Lifts, hoists, and elevators, 2221.
Light, catadioptric, 2265.

Lighthouse, clockwork apparatus, 2277.

construction of lanterns, 2269.
lamps, 2275.

Maplin Sand, 2262.

Wolf, 2255.
Lights, buoys, and beacons, 2255.
Lime burning, 2280.

concretes, 2284.

slaking and forming mortar, 2282.

Limes, mortars, and cements, 2279.
Linseed crushers, 229.

Liquid-manure distributor, 12.

Lock-chamber, 2308.

gates, iron, 2298.

materials employed, 2293.

mixed or composite, 2298.

opening and closing, 2293.

wooden, 2294, 2302.

wrought-iron, 2305.

Locks and lock-gates, 2292.

canal, 2307.

Locomotive, 2308.

boiler, 389.

eight coupled wheels, 2315.

four coupled wheels, 2315.

four-cylinder, 2319.

frame slotting machine, 2341.
names of parts, 2308.
six coupled wheels, 2315.

tender, names of parts, 2313.

the Fairlie, 2321.
with uncoupled wheels, 2319.

Locomotives, feed-pipe connection for, 1463.

adhesion of, 1341.
consumption of water, 1346.

dimensions of, 1351.
effective work of, 1350.

formula? for power of, 1344.

tank, for sharp curves, 1421.
value of work of, 1341.

Long's bridge truss, 672.
Loom, 2160, 2321.
Low's rock-boring machinery, 5 1 5.

Lubricating oils for machinery, 2010.

Lug, 2322.

Lumber saw-mills, 3091.

Lunette, 1534.

iLACADAM, or metalling for roads, 2782.

Macdonnel's wrought-iron sleepers, 2589.

Machine, 2322.

belts, 2014.

tools, axle-lathe, 2342.
bolt-threading machine, 2342.

compound planing machine, 2345.

curvilinear slotting machine, 2335.

drilling and boring machines, 2325.

flanging machine, 2341.

hydraulic, 2345.

hydrostatic wheel press, 2345.

lathes, 2322.

locomotive - frame slotting machine,
2341.

machine for boring axle-bearings, 2345
milling machines, 2340.

multiple drilling machines, 2344.
planing machines, 2329.
screwing machine, 2

shaping machines, 2333.

wheel-boring machine, 2344.

wheel-cutting machine, 2337.

wheel-quartering machino, 2343.

Magistral, 1534.

Magnetism, 574.

Magnets, permanent, for explosion of mines, 572.

Main-deck line, ship-buildiui, 384.

Malt-kiln, 2189.

Mandrel, '-'.

Manganese, 2352.

ores of, 2354.

Manometer, 1191.

condensed-air, 414.

Mansard roof, 2354.

Mansions, ventilation of, 3042.

Maplin Sand lighthouse, 2262.

Marine boiler, .

engine, 2355.

boilers, 3S9, 451, 2S53.

condensers, 2853.

Marinoni and Chaudre's lithographic press, 2666.
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Marìnoni's printing press, 2668.

Mariotte's law, 425.

Masonry, 1022, 2373, 2718.

arrangement of courses, 2376.

ashlar, 2373.

backed with rubble, 2375.

in copings, 2376.

coursed rubble, 2375.

rubble facing, 2376.

large rough stone blocks, 2376.

rubble backing, 2377.

stone pitching, 2377.

thickness ot courses, 2376.

Matching machine, 3096.

Materials of construction, buckled plates, 2409.

chain cables, 2387.

classification of pillars, 2384.

classification of strains, 2382.

coefficients of crushing strength, 2383.

coefficients of tearing strength, 2387.

cohesion, 2377.

compressive strength of, 2382.

continuous beams, 2395.

corrugated iron, 2410.

deflection of beams, 2397.

elasticity, 2377.

experiments with corrugated iron,

2411.

flitch beams, 2408.

fractions of safety, 2406.

moduli of elasticity, 2381.

moduli of rupture, 2393.

railway axles, 2402.

rolled iron beams, 2406.

shearing strain, 2399.

strain of torsion, 2400.

strength and weight of buckled plates,

2410.

strength of, 2377.
. strength of rolled iron beams, 2409.

tensile strength of, 2386.

transverse strains, 2388.

working load, 2405.

resistance of, 691.

Mather and Piatt's boring machine, 526.

Mazeline's steam fire-engine, 1955.

McCallan's battery, 539.

McCallum's inflexible arched truss, 677.

M'Connell's brake, 598, 607.

Measuring and folding machine, 1525, 2415.

Mechanical movements, 2421.

cams, 903, 1638, 2424.

. clutch-boxes, 2422.

circular into rectilinear motion, and
vice versa, 2424.

crank motions, 2423.
:— eccentrics, 2423.

epicyclic train, 2451.

gasometers, 2449.

governors, 101, 1699, 2428.

mangle-wheels and racks, 2431.

micrometer screw, 2424.

. paddle-wheels, 2450.

parallel motions, 2438.

pressure-gauges and barometers, 2451.

pulleys, 2422.

pumps, 2447.

rotary engines, 2445.

screw-clamps, 2431.

screw-propellers, 2450.

steam-traps, 2449.
. steering apparatus, 2450.

valve-link-motion, and reversing gears,

2429.

variable motions, 2432.

water-wheels, 2446.

windmills, 2450.

power of steam, 423.

powers, 2452.

Mercury, 2453.

Merryweather's steam fire-engine, 1429, 1955.

Metal-turning tools, 1817.

Metallic alloys, 46.

component elements, 49.

Metalling and pitching, railway, 2725.

or macadam for roads, 2782.

Metalloids, 2457, 2458.

Metallurgy, 2457.

Metals, 2458.

affinity for chlorine, 2459.

for oxygen, 2459.

carburets, 24 60.

chemical symbols of, 194.

classification of, 2457.

hydrated oxides, 2459.

sulphurets, 2460.

Meter, 2461.

Meters, dry, gas, 2466.

water, 2467.

wet, gas, 2461.

Metric system, 2468.

Micrometer screw, 2424.

Midship section, 381.

Mignot's ice-making machine, 2001.

Mill, 2476.

bone-crushing, 12, 482.

Carr's disintegrating flour, 2488.

English flour, 2501.

floating steam corn, 2499.

jewellers', 1810.

mortar, 2287.

oil machinery, 2482.

portable com, 228.

semolina, 2495.

wind, various, 2450, 2476.

Milling machines, 2340.

Mills, lumber, 3087.

Millstones, plan of hanging, 2501, 2506.

Minerals, boring for, 498.

Mines, ventilation of, 1447.

Mining dial, Hedley's, 1015.

pumps, 2681.

Andre's, 2677, 2686.

Cornish, 2681.

Tyler's universal, 2683.

Tangye's special, 2683.

Moduli of elasticity, 2381.

of rupture, 2393.
Molecule, 2513.

Moment balance, 214.

of pressure, retaining walls, 2738.

virtual, 3052.

Moments of rupture and transverse strains,

girders, 766.

Momentum, 7, 2516.
Moncrieff gun-carriage, 1720.

Monkeys, or rams, for driving piles, 2619.

Montgolfier ram, 35.

More land's floor, 1524.

More's calender, 900.

water-mangle, 902.

Mortar, 939,1023, 2279.
brown, 939.

hydraulic, 939.

lime, 939.

mill, 2287.

mixing, 2287.

Mortars, limes, and cements, 2279.
Mortise, 2516.

Mortising machinery, 3099.

Motion, accelerated, 5.

and velocity of water upon wheels, 2559.

conversion of circular into rectilinear, 2424.

of heated air in vertical tubes, 941.

of water in canals, 907.

parallel, 2438, 2583.

retarded, 5.

Motte's bellows pump, 1945.

Moulding, 2516.

and matching machine, 3097.

bricks, 659.

toothed wheels, apparatus for, 1558.

Muffle, 2516.

Muley mills, 3087.

Muller's kiln, 2185.

Multiple drilling machines, 2344.

Muncke's battery, 268.

Murtha's brick-making machinery, 651.

N.APIER'S rods, 1.

Nasmyth's steam pile-driver, 2631.

ventilating fan, 1449.

Natural filters, 3074.

Nessler test, for water, 3053.

Neutral axis, 2516.

Nickel, 2516.

characteristics of the salts of, 2516.

Nillus' pump, 1943.

Nippers, pliers, and pincers, 1829.

Nitro-glycerine, 581.

Nogging, brick, 665.

Noria, 2516.

Norton's tube well, 159.

Nuts, forging, 1528.

and bolts, 2517.

and bolt-heads, hexagon, dimensions
2517.

and bolt-heads, weight of, 2517.

Oblique arch, angle of obliquity, 2517.

calculation of curves, 2522.

development of the curve of oblique

section, 2518.

distance of obliquity, 2517.

example of, 2526.

imposts, 2525.

projection of spiral line upon a cylin-

drical surface, 2519.

projection of spiral Surface, 2519.

to And the oblique section, 2518.

twisting rules, 2523.

voussoirs, 2523.

Oblique bridges, 727, 2517.

helicoidal arrangement, 727.

orthogonal arrangement, 732.

parallel arches in echellon, 734.

timber, 734.

Oil-cake crushers or breakers, 229.

mill machinery, 2482.

Oils for lubricating, 2010.

Old English bond, 479.

Omnimeter for measuring distances, 1210.

Optical instruments, 2527.

Ore-washing machine, Collom's, 2546.

Ores, machinery and processes employed to dress,

2527.

aluminium, 50.

antimony, 110.

arsenic, 144.

bismuth, 337.

copper, 1059.

gold, 1689.

iron, 2033. .

lead, 2209.

manganese, 2354,
;

mercury, 2453.

silver, 2874.

tin, 3012.

zinc, 3116.

Oscillating engine, 1423.

Oscillation, centre of, 2552.
Oven, breeze, 640.

Ovens, coke, 2553.
Overfall, 251.

Overshot water-wheel, 2557, 2563.

form of buckets, 2563.

of,

0,ATES' brick-making machinery, 612.

Oblique arch, 2517.

Oxidation of alloys, 47.

Ox-yoke, 15.

X ACKING for pistons, 1181.

tin ores, 2529.

Paddle-wheel, 2451, 2566.

Paint, anti-corrosive, 1053, 1093.
¡

Painting old work, 1053.

plaster, 1053.

woodwork, 1051.

Paisley water-works, 3078.

Palisade, fortification, 1534.

Pantograph, 2434.

Paper hanging, 1055.

machinery, 2566.

dusting machine, 2568.

evaporator, Sinclair's, 2581.

Houghton's process, 2579.

pulp-boiler, 2579.

rag-boiler, Darkin and Co.'s, 2569.

rag-pulper, Cowper's, 2573.

rag-pulper, Easton and Co.'s, 2571.

rag-pulper, Stuart's, 2571.—— strainer, Ibotsou's, 2574, 2577.

Voelter's process, 2580.

washing engines, 2570.

making machine, 2574.

Papin's saucepan, 420.

Parabolic truss, Roebling's, 702.

Parados, fortification, 1534.

Parallel arches in echellon, 734.

motions, 2438, 2583.

planing machines, wood, 3096.

rulers, 2438.

Parapet, fortification, 1534.

Parish's brick-drying apparatus, 651.

Parsons and Baynes' switch, 2601.

Pattinson's process for silver ores, 2894.

Pavements, 1043.

Favement, tar, 1043.

Paving, boulder, 584.

for roads, 2782.

Pawl, 2583.

Pen, bow, 584.

Pendulum, 2583.

Penetration of projectiles, 998.

Percussion table, Eittinger's, 2550.

Permanent magnets, application of, to mines, 572.
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Permanent way, 2503.

Adams' bracket fastening, 2592.

bearing surface of sleepers, 2587.

cast-iron sleepers, 2587.

chairs, keys, and fastenings, 2589.
—— compressed oak keys, 25a9.

continental, 2609.

crossings, 2605, 2606.
details of, 2610.

English, 2608.

fish-plates, 2590.

Griffin's system, 2612.

in the United States, 2607.

joint-chairs, Fowler's, 2591.

joint for bridge rails, 2592.

Irish, 2609.

iron taper keys, 2590.

Larmenjat system, 2611.

laying, 2725.

light railways, 2612.

Metropolitan District, 2609.

North London, 2608.

original type, 2584.

points, sell-locking, 2604, 2866.

rails, 2593.

rails, Adams' girder, 2594.

rails, Adams' suspended girder, 2595.

rails. Barlow's, 2593.

rails, Bessemer steel, 2593.

rails, Booth's steel-headed, 2598.

rails, bridge-shaped, 2594.

rails, earliest form of, 2593.

rails, employed in different countries,

2597.

rails, expansion of, 2593. 2726.

rails, Sandberg's, 2596, 2597.

rails, steel, 2597.

rails, testing, 2597.

rails with riveted joints, 2593.
rigid, 2535.

Semmering Eailway, 2609.

sleepers, 2585.

switches, points, and crossings, 2600,
2603.

wrought-iron sleepers, 2589.

Pernolet or Knab coke-oven, 2557.

Perreaux's pump, 1945, 2689.

Persian wheel, 2615.

Pet cock, 2615.

Pfetsh's water-pressure engine, 1973.

Pick, 2616.

Picker, 2616.

Piers, 697, 2616.

Pile-driver, 2616.

Pile-driving machines, 2629.

Appleby Brothers', 2635.

Nasmyth's steam, 2631.

Sisson and "White's steam, 2629.

endless chain, 2636.

telescopic, 2639.

Piles and pile-driving, 2616.

bearing and sheet, 2617.

calculation of supporting power, 2626.

cast-iron, 2624.

disc, 2642.

drawing and cutting off, 2623.

duration of iron, 2625.

excavating for, 2617.

force expended in driving, 26v8.

heading and shoeing, 2618.

rams or monkeys for driving, 2619.

screw, 2641.

supporting power of, 2625.

timber, 2617.

driving, 2621.

with cast-iron screw-points, 2618.

Towle's apparatus for driving sheet, 2622.

Piling, 1018.

Pi liars, classification of, 2384.

Pillow, 2644.

block, 2644.

Pincers, pliers, and nippers, 1829.

Pinion, 2644.

Pin-making machine, 2645.

Pipe, exhaust, 1173.

feed, 1463.

Pipes, 2650.

cast-iron, 2650.

calculation of weight, 2651.

diameter of rnans and service pipes, 2653.

for pumps, 2674.

friction in, 2652.

iron, proportions of joints, 2654.

laying, 2657.

lead, 2655.

coated with tin, 2656.

Pipes, leakage at joints, water, 2654.

stone-ware and fire-clay, 2656.

water-works, 3066.

wrought-iron, 2655.
Piston, 2657.

rod, 2657.

rods of pumps, 2674.
Pistons of pumps, 2674.

packing for, 1181.

Pitch circles, 1627.

lines, 1 627.

of roofs, 2787.

of wheels and screws, 2657.
Pitching and metalling, railway, 2725.

stone, 2377, 2782.

Plan, body, ship-building, 380.

half breadth, ship-building, 380.

sheer, ship-building, 380.

Plane, improved joiners', 1806.
Planes, 1820.

Planimeter, 2657.

Planing machine, 2329, 2659.

compound for connecting rods, 2345.

and matching machine, 3096.
machinery, wood, 3095.

Plaster, lath and, 1049.

paint on, 1053.

Plate glass, manufacture of, 1669.
wheel, 2659.

Platin, 2659.

Platinum, 2659.

Piatt and Co.'s brick-making machineiy, 647.

Pliers, pincers, and nippers, 1829.

Plumbers' tools, 1824.

Points, self-locking, 2604, 2866.

switches and crossings, 2600.
Polygon, funicular, 669.

Poncelet's water-wheel, 2660.
Poppet, 2692.

Portable engines, 11, 32.

forge, 1530.

hydraulic press, 1994.
railway, 12.

Portland cement, 931.

concrete, 2286.
Postern, 1534.
Preservation of timber, 2205.
Press, G-iruson's eccentric, 497.

hydraulic, portable, 1994.

hydrostatic or Bramah, 1983.

printing, 2660.

Pressure, centre of, 1 120.

earth, retaining walls, 2736.

fluid, retaining walls, 188S, 2734.
gauge, recording, 2727.

gauges and barometers, 2451.

moment of, retaining walls, 2738.
Prevention of dry-rot, 2205.
Priming of boilers, 448.

Primitive circles, 1 627.
Principle of sufficient reason, 666.

equality of moments, 667.

Print-cutters' and carvers' tools, 1825.

Printing machine, bank-note, 218.

press, Carwood's improved Gordon, 2665.

Gordon, 2661.

Marinoni and Chaudré's lithographic,

2666.

Marinoni's, 2668.

Walter, 2669.
Prismatic compass, 2976.
Prisons, ventilation and warming of, 3045.

ventilation of, 3044.

Projectiles, penetration of, 998.

trajectory and velocity of, 1722.
Prony's friction dynamometer-brake, 616.

Propeller, Durozoi's hydraulic, 1938.
Proportional compasses, 2444.
Protractor, 2982.
Prudhomme's pump, 1945.
Puddling, 2077, 2670.

furnace, Siemens' gas, 2087.
Pugging, 651.

Pulley, 2670.

Pumping engine, American, 1417.

Ommanm v and Oo 'e horizontal, 1421.

Pumps, 1464, 1796, 1937, 2447, 2670.
air, 2691.

Barnett and Foster's, 2691.
air-chambers, 2677.

Andre's hydraulic, 2677, 2686.
angle or V bobs, 2676.

Annandie's balance-beam, IMS.
balance-bobs, 2676.

bilge, 1940, 2690.

Burgh's steam, 1 125.

Pumps, Caligny's conical, without piston or valve,

1938.

Carrett and Co.'s steam, 1939.
centrifugal, 1948, 2679.

Coignard aud Co.'s, 1951.

Gwynne and Co.'s, 1949, 1950.

Neut and Dumont's, 1948.

chain, 1937, 2680.

Murray's, 2680.

contractors', 2690.

Cornish, 2681.

cylinders, 2671.

Earle's steam, 1940.

efficiency of, 2670.
Farcot's steam, 1941.
feed, 1464, 2691.

for draining mines, 2681.
emptying docks, 2690.

raising particular liquids, 2689.

supplying hydraulic machineiy, 2691.

surface drainage, 2689.
water supply, 2689.

Girard's horizontal, 1942.

lifting turbine, 1952.

band, 1796.

Hayward Tyler's universal, 2683.

Henry and Peyrolles', 1944.

Laburthe's compressed-air, 1946.

Letestu's, 1943.

Merryweather's India, 1953.

Motte's bellows, 1945.
Nillus', 1943.

Perreaux's, 1945, 2689.
pipes, 2677.
piston-rods, 2675.
pistons, 2674.

Prudhomme's, 1945.
reciprocating, 2671, 2678.
revolving piston, 1947
rotary, 1947.

Scott's steam, 1939.
ship's, 1940, 2690.

Tangye's special, 2683.
Castraise, 1944.

Thirion's, 1944.

unlimited, 1945.
valves, 2672.

Puppet, 2692.

Purification of feed-water, 2003.

of water, 3071.
Putty, 1055.

Pyrometer, 2692.

(Quadrant, gunner's, 2771.
Quarrying, 2692.

Quay walls, construction without coffer-dams,
1840.

KACK, 2695.

and pinion, 1633.

Rails, 2593, 2695.
— Adams' girder, 2594.

suspended girder, 2595.

Barlow's, 2593.

Bessemer steel, 259S.

bridge-shaped, 2594.

earliest form of, 2593.

employed in different countries, 2597.

expansion of, 2593, 2726.

Sandberg's, 2596, 2597.

steel, 2597.

steel-headed, Booth's, 2598.
testing, 2599.

with riveted joints, 2593. •

Railway axles, 2402.

car mortising machine, 3104.

embankments and cuttings, 1383.
Railway engineering, 2695.

ballasting and boxing, 2725.

borings, and soiling slopes, 2717.
brickwork, 2718.

bridges, 271u, 2719.— calculation ot acreage, 2710.

cost of transport over any given line,

2705.

cross-section of line, 2712.

culverts. 2710. .

curves and gradients, 27el.

curves, resistance of, 2704.

cuttings and embankments, 2716.
drainage of cuttings. 2#14.

drainage of embankments, 27 15.

embankments and cuttings, mi,
estimate. 2706.
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Railway engineering, expansion of rails, 2593,

2726.
fencing, 2725.

gauge, 2701.

gradients and curves, 2701.

ironwork, 2718.

laying permanent way, 2725.
masonry, 2718.
metalling and pitching, 2725.

preliminary survey or reconnaissance,
2695.

- reconnaissance or preliminary survey,
2695.

resistance of curves, 2705.

selection of route, 2699.

setting out bridge-work, 2710.

setting out culverts, 2710.

setting out side widths, 2710.

setting out tunnels, 2710.

soiling slopes, and borings, 2717.

specification, 2726.

staking and setting out the line and
works, 2706.—

' surveying and levelling the line, 2711.

trial lines by aid of a map, 2698.

trial lines by compass, 2696.

trial or flying levels, 2698.

tunnelling, 2710, 2720.

portable, 12.

signals, 2860.

locking, 2866.

Rainfall, 3055.

table of, 3056, 3057.

Ram, Bolée's hydraulic, 1971.

Leblanc's hydraulic, 1973.

Montgolfier, 35.

Rampart, fortification, 1534.

Rams, hydraulic, 1971.

or monkeys for driving piles, 2619.

Range-finders, 1772.

Ranging bond, 481.

Rasps and files, 1817.

Ratchet-wheel, 2726.

Ravelin, fortification, 1534.

Reaction, 2726.

wheel, 2726.

Reamer, 2727.

Reaping hooks, 1832.

machine, 16.

Reay's envelope machine, 1435.

Reciprocating mortising machine, 3102.

pumps, 2671.

calculation of efficiency, 2678.
Recording pressure-gauge, 2727.

Redan, fortification, 1534.

Redoubt, fortification, 1534.

Reece's ice-making machine, 2000.
Refrigerator, 2728.

Morton and Co.'s, 1056.

Pontifex and Co.'s, 1057.

Stirk's, 1058.

Refrigerators and wort-coolers, 1055.
Regulator, water, 3077.

Reichenbach's water-pressure engine, 1976.

Remblai, fortification, 1534.

Rennie's iron floating dock, 1262.

Resawing, machine for, 3089.

Reservoir, 2728.

river Furens, 1132.

walls, formulas for the section of, 1146.
stability of, 1144.

Reservoirs, 3058.

distributing, 3070.

impounding, 3058.
store, 3058.

Resistance, causes influencing, 1331.
air, 1335.

condition of permanent way, 1335.
curves, 1S33, 1336, 2705.
friction, 1331.

frost, 1333.

inclines, 1332, 1334.

length of train, 1333.

speed, 1335.

temperature, 1332.

wind, 1336.

of curves, 1333, 1336, 2705.

goods trains, 1324, 1354.
locomotive engines to motion, 1316.

engines to starting, 1319.
materials, 691, 1359.
mixed trains, experiments, 1359.
passenger»trains, L326, 1360.

trains to starting, 1328.
railway carriages to traction, 1306.

trains in general, 1320.

Resistance of trains, formula for calculating,

1338, 1388.

to starting, 1328.

Retaining walls, 2728.

buttresses, 2747.

counterforts, 2746.

dams and weirs, 2743.

dock, 2743.

earth pressure, 2736.

fluid pressure, 2734.
form of profile, 2742.
harbour, 2743.

land-ties, 2748.

moment of pressure, 2738.
practical design and construction,

2742.

profile, 2742.
; profile, transformation of, 2740.

relieving arches, 2747.
Tevetments, 2745.
river, 2743.

sea, 2743.

shock of current, 2738.
stability of, 2728.

struts, 2748.

thickness, 2739.

thrust of material retained, 2734.
transformation of profile, 2740.

Retarded motion, 5.

Retorts, lire-clay, process of making, 1554.
Return-acting trunk screw engines, 2843.
Return connecting-rod screw engines, 2846.
Reverberatory furnace, 1597.
Revetment, fortification, 1534.
Revolver, 1488.

Albini's, 1489.

Smith and Wesson's, 1491.

Revolving-piston pumps, 1947.

Rheostat, 542.

Rifle, Albini-Braedlin, 1482.
Berdan, 1485.

Burton, 1479.

Burton's magazine, 1493.
Chassepot, 1483.

J. H. Burton's, 1486.

Martini-Henry, 1473, 1484.
Morgenstern, 1472.

Peabody, 1482.
—— Prussian needle, 1481.

Remington, 1470, 1484.
Sharp's, 1472.

Snider, 1487.

Springfield, 1472.

Ward-Burton, 1474.

Westley Richards', 1484.
Rigg's apparatus for tipping coals, 1857.
Rivers, 2749.

bars, 2762.

determination of cross-section, 2752.
discharge, 2753.
dredging, 2756.

dykes, 2757.

embankments, 2758.
improvement of channel, 2756.
protection of banks from currents, 2759.
retaining walls, 2743.
sediment in, 2755.
sounding, 2751.

: stability of channel, 2754.
tides in, 2749.
training walls, 2761.
velocity, 2753.
weirs, 2760.

Riveted joint, butt, 5, 2763.

lap, 2209, 2763.
lap of joint, 2767.

pitch of rivets, 2765.

strength of, 2763.

thickness of rivets, 2765.

joints, 2170, 2763.

Riveting machine, hydraulic, 2347.

Road-roller, Aveling and Co.'s steam, 1434.

Roads, 2770.

fences, 2785.
maintaining and repairing, 2783.

permanent, 2773.

asphalted, 2783.

cross-section, 2780.

drainage, 2780.

foundation, 2781.

gradients and tractive resistance,

2775.
: metalling or macadam, 2782.

selection of route, 2773.
stone paved, 2782.

surface of, 2782.

Roads, rolling, 2785.—- temporary, 2770.

hill, 2771.

plank, 2770.

Roast-ovens or furnaces, 1597.

Roasting, principles of, 1598.

silver ores, 2549.

Róck-boring machinery, 515, 1299.

Rock-shaft, 2786.
Roebling's system, arches, 716.

cables, 713.

chords, 715.

diagonals in panels, 718.

floor-beams, 71 7.

general description, 703.

method of raising the superstructure,

719.

posts, 716.

roller-plates, 710.

saddles, 712.

statical condition of the structure under
variable loads, 709.

stays, 713.

storm-cables, 718.

strains in arches and cables, 707.

supporting power of stays, 705.

suspenders, 715.

parabolic truss, 702.

towers, 711.

Rolled iron beams, strength of, 2406.
Roller, Aveling and Co.'s steam road, 1434.

Rolling mills, 2108, 2786.
Rolls, goldsmiths' and dentists', 1810.

Roman cement, 933.

concrete, 2285.
Roofing, bay of, 292.

Roofs, 1025, 2354, 2786.

arched, 1027.

iron, 2800.

classification of, 2786.
• compound, 2798.
coverings, 1032.

for timber, 2798.
• designing, 2786.

domes or cupolas, 2792.
double trussed iron, 2815.

examples of, 2789, 2790, 2791, 2794,
2799, 2804, 2809, 2819.

flat, 1027.

general principles of wooden, 1025.
Gothic, 1027, 2790.

iron, 1036, 2800.

.

domes, 2795.

loads on, 2787.

metal coverings, copper, 1036.

covering, iron, 1035.

coverings, lead, 1036.

coverings, zinc, 1036.

2795,

pitch of, 2787.

scantlings for, 2791.

timber, 2788.

trussed, 2789.

iron, 2810.

wind pressure on, 2821.

Root-cutters, 229.

Rope-making machine, 2821.
hemp rope, 2821.
Huddart's, 2827.

Smith's wire, 2834.

wire ropes, 2831.

porter, 11, 21.

Ropes, hemp, 2821.

wire, 2831.

Rotary engine, 2445, 2837.

pumps, 1947.

Rough-cast, 1050.

Rubble masonry, backing, 2377.

coursed, 2375.

S.AFETY-CAGE, 897.

Safety, fractions of, 2406.

lamp, 2207.

valves, 1186, 2837.

Sally-port, fortification, 1534.

Salts of nickel, characteristics of, 2516.

Sandberg's rails, 2596,

Saw, bow, 584.

hand, 1796.

mills, 3087, 3089.

Sawing machinery, 3087.

Saws, 584, 1796, 1813, 2837.

Scaffolding, 2837.

Scaffolds, staging, and gantries, 2837.
Scantlings for timber roofs, 2791.

Scarp, fortification, 1534.
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Schiele's anti-friction curve, 1586.

Schools, ventilation and warming of, 3029.

Schwartz's blasting gunpowder, 582.

Scoops, 1834.

Scott's naval gun-carriage, 1718.

Screw and driver, improved, 1804.

Screw engines, 2841.

double-trunk, 2842.

return-acting trunk, 2843.

return connecting-rod, 2846.

single piston-rod, 2845.

steam-launch, 2855.

jack, 1835, 2859.

making machine, 2856.

piles, 2262, 2641.

propellers, 2450.

Screwing machine, 2338, -2859.

Scroll sawing machine, 3094.

Sea wall, 2743, 2859.

Section, chief vertical longitudinal, 384.

midtehip, 381.

Segmental arches, 688.

Semicircular arches, 684.

Semolina mill, 2495.

Separator, bran, 629.

silver ores, 2547.

tin ores, 2530.

Sewing machine, hoot, 495.

Sextant, 2974.
Shand and Mason's fire-engine, 1431.

Shíiping m¿ichinery, wood, 3107.

machines, 2333, 2860.—- wood, 3109.

Shearing machine, hydraulic, 2352.

strain, 2399.

Shears, 1809.

guillotine, 1810.

sheep, 15, 1833.

Sheer-plan, 380, 382.

Sheet and bearing piles, 2617.

glass, manufacture of, 1672.

piles, Towle's apparatus for driving, 2622.

Shingles. 1035.

Shipbuilding, iron, 2123.

Ships' pumps, 1940, 2690=

Shovels, 1834.-

Shutter, boxing of a, 584.

Sickles, 1832.

Side widths, setting out, railway engineering,

2710.

Siemens' furnaces for steel, 2937.

puddling furnace, 2087.

Signals, 2860.

locking, 2866.

Silbermann's heliostat, 1879.

Silicate of soda, 1054.

Silver, 2871.

assay of, 2895.

German, 1668.

Silver-ore dressing, 2875.

in Colorado, 2546.

Pattinson's process, 2894.

Rittinger's percussion table, 2550.

roasting, 2549, 2884.

separator, 2547.

smelting, 2888.

Von Patera's process, 2887.

washing machine, 2546.

Ziervogel's process, 2886.

ores of, 2874.

salts of, 2874.

Silver's machine' for boring wheel-hubs, 1805.

Single piston-rod screw engines, 2845.

Siphon, 1981.

water-wheels, 1918.

Sisson and White's pile-driver, 2629.

Skew bridges, 700, 790, 2517.

Skylights, 1046.

Slates, 1032.

Sleepers, 2585.

bearing surface of, 2587.

cast-iron, 2587, 2588.

wrought-iron, 25S9.

Sleeve, 2898.

Slip of belts, 299.

Slotting machine, 2898.

curvilinear, 2335.

locomotive frame, 2311.

Smee's battery, 539.

Smelting furnace, Thomas', 1602.

Smith and Locke's process, casting metals,
1542.

Smiths' tongs, 1529.

Snifting valve, 36.

Solders, 49.

Sole-plate, 294.

Soluble glass, 1677.
Sources of heat, 399.

Spades, 1834.

Spalling tin ores, 2527.
Specific heat, 392.

gravity of alloys, 47.

heat, coefficients of, 393, 394.

of various substances, 49.

Spelter, 3116.
Spiral wheel, 2898.
Spontaneous rotation, centre of, 1796.
Springs, 3057.

water supply, 3057.

Spur-wheel, 2898.

Squares and bevels, 1815.

Squeezer, 2898.

Staging, scaffolds, and gantries, 2837.
Stairs, 1047.

stone, 1047.

wooden, 1048.

Stamping tin ores, 2527.

Stand-pipe, substitute for, 1979.
Stationary boilers, 465.

engine, 2898.

Cornish, 2913.

beam, 2910.

horizontal, 2912, 2916.
vertical, 2913.

Stave-making and cask machinery, 929, 2917.
Steam, calorific action in formation of, 422.

condensation of, 421.

corn-mill, floating, 2499.

definition of, 410.

density of, 417.

elastic force of, 412, 415.

engine, 11, 441, 1181, 1429, 1955, 2308, 2841,
2898, 2921.

connecting rod, 1194.

crank-shaft bracket, 1196.
— cylinder with steam-jacket, 1195.

eccentric, 1196.
• marine, governor, 1186.

packing for pistons, 1181.

parallel motion, 1197.
• portable, 11.

•safety-valve, 1183.

straight-link valve-motion, 1199.
the Rocket, 441.

expansion of, calculation of total work by,
425, 2904.

work developed by, 424.

fire-engine, Lee and Co.'s, 1954.
Mazeline's, 1955.

Merryweather's, 1429, 1955.
Shand, Mason, and Co.'s, 1431.

flow of, 402.

flow of, through pipes, 408.

formation of, in vacuum, 411.

gauge, 1621.

influence of temperature on formation,
411.

jacket, 1195, 2160.
jet, 441.

latent heat of, 398.

launch, screw engines, 2855.

lubrication of, 1200.

mechanical power of, 423.

properties of, 402.

physical properties of, 410.

pile-driver, Nasmyth's, 2631.

Sisson and White'.-, 2629.

endless chain, 2636.

the telescopic, 2639.

power, cultivation by, 20.

pressure gauge, 1199.

principles of the formation of, 411.

pump, Burgh's, 1425.

relation between elastic force and tempera-
ture, 413.

road-roller, Aveling and Co.'s, 1434.
ships, consumption of coal in, 2852.
superheating of, 449.

temperature of, 415.

traps, 2449.

velocity of, 402.

volume of, 4 1 7.

whistle, 1194.

Steel, 2921.

Bessemer process, 2923.
cast, 2931.

cementation, 2921.

rails, 2597.

Siemens' furnaces, 2937.

Whitworth's process for casting underpres-
sure, 1562.

Steele's improved Burr truss, 674.

Steering apparatus, 2450.
Stench traps, 1284.

Step, 2938.

Sterne's buffing apparatus, 882.
Sterro-metal for lining guns, 177.

Stetefeldt furnace, 1604.
Stilmant's brake, 588.

Stirrup, 2938.

Stocks and dies, 1822.
Stone, 2838.

breaking machine, Blake's, 2544.
bridges, 683, 699, 739.

formulai for dimensions of, 683.
skew, 700, 727, 2517.

conduits, 3062.
dams, 1139.

pitching, 2377, 2782.
Storage reservoirs, 3058.
Stove, 2938.

Stoves, 3047.

Dr. Arnott's, 3047.
Gurney's, 3048.
hot-air, 3048.
Sylvester's, 3047.

Strains, classification of, 2382.
in trussed girder bridge 300 ft. span, 721.
of torsion, 2400.

shearing, 2399.

transverse, 2388.
Straps, 2938.

Straw-choppers, 229.

Strength and weight of buckled plates, 2410.
coefficients of crushing, 2383.

of tearing, 2387.

compressive, of materials, 2382.
of materials, 2377.
of rolled iron beams, 2406.

Stretcher, 479.

Stroke, 2938.

Strut, 667.

Struts and ties, distinction between, 2818.
Struvé's ventilator, 1448.
Stucco, bastard, 265.

Submarine cables, 2997.

Atlantic telegraph, 3002.
machinery for laying, 3003.
machinery for picking up, 3007.

Sucking ventilators, 1461.

Suez Canal, 917.

Sugar, clarification, 2943.
concentration of cane-juice, 2946.
curing, 2949.

evaporating apparatus, 1445.
evaporation, 2945.

filtration, 2945.

machinery, 2938.

centrifugal machine, 2950.
Fryer's concretor, 2949.
vacuum pan, 2947.

mill, 2938.

combined cane, 2940.
Sun burner, ventilation by, 3044.

wheel, 2953.

Surface-drainage pumps, 26S9.
Surveying, 2953.

and levelling, 2953.
boning, 2971.
chaining base lines, 2954.
contours and hill shading, 2971.
correction for curvature, 2969.
correction for refraction, 2970.
enlarging and reducing plans, 2966.
field-book, 2960.
laying off perpendiculars, 2954.
levelling, 2966.

measurement of hills, 2959.
obstructions in base lines, 2955.
plan drawing, 29G4.

1- planning a survey, 2953.
plotting, 2964.

plotting section, 2973.
railway, 2711.

reduction of levels, 2963.
surveying chains, 2954.
traverse surwving, 2962.

instruments, 29M.
box sextant. 297 1.

for measuring angles by reflection,
297 Í.

prismatic compass, 2976.
tapes, 297 I.

the chain. J074.

theodolite. ..'77.

Suspension bridges, 741, 760.

Swage-blocks, I

Swing-bridge, hydraulic, over the river Ouse, 791.
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Switch, 2983.

box, Deas and Rapier's, 2603.

Parsons and Baynes', 2601.

Ransomes and Rapier's, 2602.

Switches, points, and crossings, 2600.

JL ABLE, Rittinger's percussion, 2550.

Tangye's hydraulic lifting-jack, 2159.

special mining pump, 2683.

Tank locomotive for sharp curves, 1421.

Tanners' and curriers' hand-tools, 1826.

Tap, 2983.

Tappet, 2983.

Tearing strength of materials, coefficients of,

2387.

Telegraphy, 2983.

batteries, 266, 539, 2983.

earth-wires and plates, 2993.

insulators, 2990.

poles, 2989.

testing joints and distance of fault, 2994.

testing of joints, insulated wire, 2997.

submarine cables, 2997.
. underground wires, 2993.

wire, 2985.

Telemeters, 1772.

Telescopic steam pile-driver, 2639.

Temperature at boiling-point, fixity of, 419.

increase of, caused by expenditure of fuel,

401.

of bodies, relation of, to heat, 394.

of boiling-point, influence of substances in

dissolution upon, 421.

Tenaille, fortification, 1534.

Tenaillon, fortification, 1534.

Tenoning machinery, 3103.

Tensile strength, experiments, 333.

Tension-rollers, 314.

Tensions, graphical determination of, 669.

Testing machine, 3009.

Thatching, 1033.

Theodolite, 2977.

Everest's, 2979.

Thermo-electricity, 270.

Thirion's pump, 1944.

Thomson and Co.'s calender, 899.

Thomson's boiler, 389.

water-wheel, 1933.

Threshing machine, 14, 223.

Tie, 667.

Ties and struts, distinction between, 2818.

Tiles, 1033.

Timber bridge construction, 735.

oblique bridges, 734.

preservation of, 2205.

roofs, 2788.

rule for calculating heartwood in, 2586.

Tin, 3012.

and coppersmiths' tools, 1809.

dressing, 2527.

huddling, 2528.
• circular buddies, 2529.

dilluing, 2534.

packing, 2529.

roasting, 2533.

spalling, 2527.

stamping, 2527.

the hand-frame, 2532.

the separator, 253o.

tossing, 2528.

ores of, 3012.

salts of, 3013.

Tinning of brass and copper, 1558.

Tongs, smiths', 1529.

Tools, coopers', 1814.

engravers', 1816.

hand, 1796.

metal-turning, 1817.

print-cutters' and carvers', 1825.

tanners' and curriers', 1826.

tin and coppersmiths', 1809.

Toothed wheels, apparatus for moulding, 1558.

Torsion, strain of, 2400.

Tossing tin ores, 2528.

Toulouse water-works, filtering galleries, 3075.

Towle's apparatus for driving sheet piles, 2622.

Tracing, graphic, 405, 416.

Tractive force, 9.

Trajectory arid velocity of projectiles, 1722.

Transport, cost of railway, 2705.

Transverse strain, 2388.

Traverse, fortification, 1534.

Trigonometrical lines, relations of, 688.
Trimmer, brick, 665.

Trowels, 1832.

Truss, improved Howe, 675.

Long's, 672.

McCallum's inflexible arched, 677.

Roebling's parabolic, 702.

Steele's improved Burr, 674.

the Burr, 672.

the Howe, 673.

Tube-expander, hydraulic, 2352.

well, 159.

Tubing for borings, 513.

india-rubber, 2010.

Tunnelling, 2720, 3014.
Tunnels, 2710.

Turbine, Leffel's double, 3020.

the screw-wheel, 1932.

Turbines, 1922, 3014.
Euler's, 1924.

Fourneyron's system, 1922.

Girard's, 1925.

lifting, 1952.
•

Jonval's, 1929.

Thomson's, 1923, 1936.

with horizontal axis, 1930.

Turn-table, 3022.

Turning machines, wood, 3115.
Turnip-cutters, 229.

Tuyere, 3022.

Twisting rules, oblique arch, 2523.
Tyerman's hoop-iron bond, 482.

Tyne Docks, South Shields, 1254.

Type-founding machine, Caslon and Fagg's, 1565.

TLNDERSHOT water-wheel, 1511, 1917, 3022.
Unity of heat, 392.

Universal joint, 3022.

Unlimited pumps, 1945.

Warming by gas, 3050.
hot water, 3048.

; steam, 3049.

grates, 3045.

stoves, 3047.

Washing machine for dressing silver ores, 2546.

Water, analysis of, 3052.

boring for, 125.

density of, 1886.

ebullition of, 419.

effects of contraction of orifices on flow of,

1889.

flow of, through conical converging tubes,

1901.

flow of, through conical diverging tubes,

1904.

flow through cylindrical ajutages, 189.9.

flow of, through orifices, 1887.

flow of, through orifices in thin partitions,

1892.

flow of, under very small heads, 1906.

hardness of, 3054.

lines, chief, ship-building, 382.

ship-building, 387.

mangle, More's, 902.

meter, 2467.

motion and velocity of, upon wheels, 2559.

motion of, in canals, 907.

Water-pressure engine, Pfetsh's horizontal

double-action, 1978.

engine, Reichenbach's, 1976.

engines, 1973.

pressure of, 1119.

purification of, 3071.

distillation, 3071.— filter beds, 3071.

filtration, 3071.

V,ALVE, escape, 1445.

safety, 1183, 2837.

Valves of pumps, 2672.
Van Patera's process, silver ores, 2887.
Velocity, 3023.

and trajectory of projectiles, 1722.
angular, 95.

virtual, 3052.

Ventilating fan, Guibal's, 1447, 1449.

Nasmyth's, 1449.

Ventilation and warming, 3023.
Drysdale and Hayward's system, 3039.

regulator, 3077.

specific weight of, 1886.
— supply and drainage areas, 3061.

pumps for, 2689.

barracks, 3044.

causes of vitiation in atmosphere, 3023.
composition of atmospheric air, 3023.
Griscom's method, 3041.

Joly's method, 3042.

means of renewing atmosphere, 3024.

of ball-rooms, 3042.

barracks, 3044.

bed-rooms, 3043.

club-houses, 3038.

dwelling-houses, 3039.

hospitals, 3026.

kitchens, 3043.

mines, 1447.

prisons, 3044, 3045.
schools, 3029.

theatres and public rooms, 3032.

quantity of air required for, 3024.

Vienna prize plan, 3031.
warming of ventilative current, 3025.

Ventilator, 1460.

Lemielle's, 1449.

Struvé's, 1448.

Ventilators, blowing, 1463.

sucking, 1461.

Vertical engine, 2913.

Viaduct, 3050.

Vicar's bread and biscuit making machinery,
637.

Vice, 3052.

Victoria Docks, 1234.

Virtual velocity, 3052.

Vis inertia, 3052.

viva, 3052.

AGON, ballast, 218.

boiler, 390.

farm or contractors', 15.

Walls, 1021.

boulder, 584.

breast, 640.

of framed work, 1028.

Walter printing press, 2669.
Warming, 3045, 3052.

the fluid vein, 1889.

wheel, overshot, 2557.

Poncelet's, 2660.

wheels, 1912, 2446, 2557, 2660.
. breast, 1915.

float, 1511, 1917.

helicoidal float, 1917.

siphon, 1918.

the vortex, 1933.

the Wässerung, 1914.

Thomson's, 1932.

turbines, 1922, 3014.

undershot, 1920, 3022.

works, 3052.

analysis of water, 3052.

artificial water-channels, without ma-
sonry, 3062.

choice between pipes and conduits,

3066.

construction of, at Paisley, 3078.

culverts, critical examination of, 3065.

culverts, different kinds of, 3064.

culverts to contain pipes, 3066¿

distribution of pipes, 3067.

general principles on the choice of

conduits, 3067.

hardness of water, 3054.

inclination and section of feeders and
conduits, 3062.

limit of the aqueduct at the boun-
daries of the distribution, 3070.

necessity and position of distributing

reservoirs, 3070.

purification of water, 3071.

rainfall, 3055.

rainfäll, tables of, 3056.

springs, 3057.

stone or brick conduits, 3062.
— store reservoirs, 3058.

water supply and drainage areas, 3061.

Watson's bread-making machinery, 630.

Web, 3087.

Wedge, 3087.

Weighing machine, 211, 215, 1982, 3087.

hydraulic, 1982.

Weirs, 2743, 2760.

and dams, retaining walls, 2743.

Wesserling water-wheel, 914.

Wheat-hulling machine, 2493.

Wheel-boring machine, 2344.

and axle, 3087.

cutting machine, 2337.

hubs, Silver's machine for boring, 1805.

press, hydrostatic, 2345.

quartering machine, 2343.
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Wheels, apparatus for moulding toothed, 1558.

curves for teeth of, 1621.

dimensions and forms of teeth, 1628.

Whitewash, 1054.

Whittle boiler, 390.

Whitworth's apparatus for casting steel under
pressure, 1562.

Wind pressure on roofs, 2821.

velocity of, 89.

Winding engine, Fletcher and Co.'s, 1424.

Windmills, 2450, 2476.

Windows, 1045.

Wire gauge, Birmingham, 1620.

ropes, 2831.

flat, 2832.

Wire ropes, formed, 2832.

laid, 2833.

selvagee, 2831.

Wolf lighthouse, 2255.

AVollaston battery, 268, 539.

Wood-boring machine, 3104.

planing machine, 3095.

shaping machine, 3107.

machinery, 3107.

turning machines, 3115.

Wooden bridges, 671, 735.

Woodwork, painting, 1051.

Wood- working machinery, 3087.

Work developed by expansion of steam, 424.
. done with fun pressure of steam, 423.

Working load, 2405.

Worm, 3115.

Wort-coolers and refrigerators, 1055.

Wrench, 3115.

Wrought iron, 2066.

z._ERO, 1827, 3115.

Ziervogel's process of treating silver ores, 2886.
Zigzag, 3116.

fortification, 1534.

Zinc, 3116.

ores of, 3116.

salts of, 3117.

THE END.
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